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Introduction - Why are we doing this? 3

Less rigid manipulators⇒ New control strategies necessary.

One possible solution: Include an accelerometer in the
estimation of the system states∗.

ẋ = f (x, u)
y = g(x)

Requires good knowledge of the orientation and position of the
accelerometer.

∗Patrik Axelsson, Evaluation of Six Different Sensor Fusion Methods for an Industrial Robot using Experimental Data.
In proceedings of the 10th International IFAC Symposium on Robot Control, 2012.
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Introduction - What is the basic problem? 4

The acceleration of the end effector
(including gravity),

ρs = h(q, q̇, q̈, θs)

Accelerometer measurement

ρa = g(ρs, θa)
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Estimation of the unknown parameters 5

The acceleration of the end effector
(including gravity),

ρs = h(q, 0, 0, ·)

Accelerometer measurement

ρa = g(ρs, θa)
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Calculation of the orientation - Step 1 6

Looking for a transformation

ρs = κRa/sρa + ρ0.

Define the residuals

ek = ρs,k − κRa/sρa,k − ρ0.

Optimisation problem:

minimise ∑N
k=1 ||ek||2

subject to det(Ra/s) = 1
RT

a/s = R
−1
a/s
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Calculation of the orientation 7

Measure the gravitation in different orientations.

g

sz

sx

sy
sz

sx

sy

sz
sx

sy

sz

sx
sy sz

sx

sy

1 2 3

4 5 6

sz
sx

sy

bz

bx
by

Knows that ρs should resemble:

ρ1
s =

(
0 0 g

)T , ρ2
s =

(
0 g 0

)T , ρ3
s =

(
0 0 −g

)T ,
ρ4

s =
(
0 −g 0

)T , ρ5
s =

(
−g 0 0

)T , ρ6
s =

(
g 0 0

)T .
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Estimation of the unknown parameters 8

The acceleration of the end effector
(including gravity),

ρs = h(q, ω, 0, θs)

Accelerometer measurement

ρa = g(ρs, θa)
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Calculation of the position 9

Rotate joint 1 with constant velocity.

Gives an acceleration pointing in to the center of the rotation in
a plan perpendicular to the gravity.

Calculate an analytical expression for the acceleration and
compare with the measurements.

The analytical expressions depends on the unknown position
parameters.

The orientation of the accelerometer is assumed to be known,
i.e., the transformation from Oxayaza to Oxsyszs is known.

Orientate the accelerometer such that the gravity is aligned with
one of the axis in Oxsyszs.
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Calculation of the position 10

1
L

wr

sr

wsr /
wx

wz

sx

sz

3
l

bfx

bfz
bz

by

2
L

1
l

sa

bx

b
z

b
x

w
z

w
x

bx

by

bfx

bfy

wr wz

wy

sx

sysr wsr /

1
L

3
l

2
l

sa

by

bx
wz

wy

The position of the accelerometer is given by rs

[rs]b =
[
Qbf /b

]
b

(
[rw]bf + [rs/w]bf

)
.

Differentiation twice w.r.t. time gives the acceleration

[as]b = S(ω)S(ω)
[
Qbf /b

]
b

(
[rw]bf + [rs/w]bf

)
.
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Calculation of the position 11
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Results 12

The accelerometer is mounted in 3 positions and orientations.
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The rotation matrix should resemble

Ra/s
1 =

 0 −1 0
0 0 1
−1 0 0

 , Ra/s
2 =

1 0 0
0 0 1
0 −1 0
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Results 13

The rotation difference between the “true” and estimated
rotation matrix can be calculated using quaternions.

Test 1 2 3
ϑ 1.4◦ 1.8◦ 2.4◦

Transform the measurements and compare with the expected
result.
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Results 14

Estimated position

Test Est. pos. (l̂) [cm] ∆ = l̂− lM [cm] Std. for l̂ [cm]

1
(
35.2 6.3 15.5

)T (
0.2 2.3 −1.0

)T (
0.4 0.5 0.5

)T

2
(
14.2 5.8 16.9

)T (
−0.3 −1.2 1.8

)T (
0.3 0.3 0.3

)T

3
(
29.2 1.6 5.9

)T (
2.2 1.6 0.4

)T (
0.4 0.4 0.4

)T
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Conclusions 15

Method to find position and orientation of an accelerometer
mounted to an industrial manipulator.
• Step 1: Calculating transformation from the actual frame

(unknown orientation) to a desired frame (known orientation)
– Static measurements of the gravity component.

• Step 2: Calculating the position of the accelerometer in a robot
fixed frame.

– Measurements when joint 1 moves with constant velocity.

Evaluated on experimental data.

Orientation error: 1 to 2 degrees.

Position error: 0.5 to 1 cm.

Sufficient for tool position estimation using Bayesian techniques.
Patrik Axelsson, Evaluation of Six Different Sensor Fusion Methods for an Industrial Robot using
Experimental Data. In proceedings of the 10th International IFAC Symposium on Robot Control, 2012.
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