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Purpose of Research

To learn the instrumental error of ultra-wideband (UWB)

sensors, reduce error through data filtering, and ultimately

develop an accurate positioning system.

Positioning System (PS)

The PS discussed uses 3

UWB sensors as anchors to

locate the 4th sensor called

tag. Given the anchors’

distance measurements from

the tag and their locations,

the system obtains the tag’s

position in 𝑥 and 𝑦 directions

using trilateration.

UWB Sensor

The sensor used in this research is the Decawave

DWM1001.[1]

Conclusions

Specification Value Unit

Location Accuracy < 10 cm

Max Range 60 m

Max Location Rate 10 Hz

Min Location Rate 0.0167 Hz

Power Supply 2.8 – 3.6 V

Data Rate 6.8 Mbps

UWB Channel 5 6.5 GHz
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Experiment Settings and Trilateration

Anchors’ Position [𝒙𝒊, 𝒚𝒊]

Anchor I [0, 0]

Anchor II [2.72, 0]

Anchor III [1.36, 2.72]
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The distance measurements from the tag

to each anchor:

𝒓 − 𝒓𝒊 = 𝑑𝑖
where 𝒓 = (𝑥, 𝑦, 𝑧) is the tag position,

𝒓𝒊 = 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 is the 𝑖-th anchor position,

and 𝑑𝑖 is the distance between the tag and

𝑖-th anchor.
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Tag

Anchor 2

Anchor 1

Anchor 3

Initialize
Initialize serial port 
to collect data

Receive Data
Receive and check 
data line’s reliability

Process Data
Collect distance data 
from the data line

Smooth Data
Smooth the 
distance data using 
filters (MAF/SGF)

Trilateration
Calculate the tag’s 
position using 
trilateration

Visualize
Plot the calculated 
positions

Moving average filter (MAF) is a method to

smooth data by calculating the averages of

distance measurements in successive sub-sets of

adjacent data points:

𝑑𝑡 =
1

𝑚
𝐷𝑡 + 

𝑖=1

𝑚+1
2

(𝐷𝑡−𝑖 + 𝐷𝑡+𝑖)

where 𝐷𝑡 is the distance measurement at time

step 𝑡, and 𝑚 is the number of data points in a

sub-set, called window size.

Savitzky-Golay filter (SGF) estimates the

smoothed data by fitting the successive sub-sets

of data with a low-degree polynomial
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1
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where the normalization factor ℎ and the

“convolution coefficients” 𝑎 are defined based

on the window size as displayed in the table.

𝒎 𝒉 𝒂𝟎 𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒 𝒂𝟓 𝒂𝟔

5 35 17 12 -3 0 0 0 0

7 21 7 6 3 -2 0 0 0

9 231 59 54 39 14 -21 0 0

11 429 89 84 69 44 9 -36 0

Anchor II

Anchor I

Anchor III

Tag

𝑑1

𝑑3

𝑑2

• SGF increases the accuracy of the system by nearly 2 times

• MAF is around 1.5 times better than SGF, and it can increase the 

accuracy by nearly 3 times.

• Both MAF and SGF can cause delays in estimations.

Standard Deviation 𝝈𝒙 𝝈𝒚

Measurements 0.01522 0.01180

MAF 0.00589 0.00421

SGF 0.00770 0.00574

Measurements and Filtered Data

Experiment

Dispersion Comparison

It can be rewritten as a second order equation:

𝑥 − 𝑥𝑖
2 + 𝑦 − 𝑦𝑖

2 + 𝑧 − 𝑧𝑖
2 = 𝑑𝑖

2

Manipulating the equation yields the following linear equation in 𝑥 and 𝑦:[2]

𝑥1 − 𝑥0 𝑦1 − 𝑦0 𝑧1 − 𝑧0
𝑥2 − 𝑥1 𝑦2 − 𝑦1 𝑧2 − 𝑧1
𝑥3 − 𝑥2 𝑦3 − 𝑦2 𝑧3 − 𝑧2

𝑥
𝑦
𝑧

=
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𝑑3
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in which 𝑅𝑖
2 = 𝑥𝑖

2 + 𝑦𝑖
2 + 𝑧𝑖

2. The linear equations can be solved as

𝒓 = 𝐴𝑇𝐴 −𝟏𝐴𝑻𝒃


