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2D Indoor Direction and Location Finding System Based on Gradient Descent
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Abstract

In this paper, a 2D indoor direction and location finding system using a gradient descent machine learning algorithm is presented. The
proposed antenna consists of four folded dipole antennas and an SPAT PIN diode switch. The SPAT switch was controlled by four digital
output pins of the Arduino microcontroller. The antenna was connected to the USRP N200 SDR and controlled by the LabView platform.
LabView transfers the magnitude of the received RF power to MATLAB to calculate the incident angle and distance of an electromagnetic
wave source. The measured accuracy of the proposed 2D indoor direction and location finding system was approximately 97 %.
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Fig. 1. (a) Proposed direction and location finding antenna
system and (b) structure of the antenna.
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Fig. 2. (a) Indoor environment for wireless data collection
and (b) data collection points for gradient descent
algorithm learning.
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Fig. 3. (a) Fabricated direction and location finding antenna, (b)
folded dipole antenna, and (c) SPAT PIN diode switch.
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Table 1. Antenna design parameters in mm.
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//Multivariable cost function
function J = computeCostMulti(X, y, theta)
m = length(y);
J=0;
prediction = X*theta;
J=(0.5%m)*(prediction-y)."*(prediction-y);
end

//Multivariable gradient descent Matlab function
function [theta, J his] = gradientDescentMulti(X, y, theta, alpha, num _iters)
m = length(y);
J_his = zeros(num_iters,1);
sumError = zeros(length(theta),1);
for iter = 1:num _iters
prediction = X*theta;
for i=1:length(theta)
sumError(i) = sum((prediction-y).*X(:.i));
end
theta = theta-(alpha/m)*sumError;
J_his = computeCostMulti(X.y.theta);

end
O3 9. 2 wReM AHE AAEE $TEE Matlab

Fig. 9. Used Matlab code of the gradient descent algorithm
in this work.
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Fig. 10. Comparison of actual and measured locations of
an EM wave source in the indoor environment.
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Table 2. Experimental results.

Actual value Measurement Error

Distance | Angle | Distance | Angle | Distance | Angle
[m] [deg] [m] [deg] [m] [deg]

0.395 188.6 0.404 189.4 0.0107 0.86

0.925 6.1 0.93 53 0.0148 0.80

0.956 329 0.946 32.1 0.0166 0.16

0.934 579 0.924 577 0.0103 0.22

0.907 84.1 0.961 84.3 0.0541 0.34

0.935 110.1 0.922 1104 0.0141 0.15

0.936 136.5 0.920 136.7 0.0162 0.00

0.909 162.9 0.960 162.9 0.0510 0.07

0.948 188.9 0.951 189.0 0.0032 0.83

1.185 189.7 1.269 189.8 0.0840 0.14

2,013 188.2 2.040 188.9 0.0383 0.77
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