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dJncontrollable 6 stuff

A Uncertain and complex dynamics

A Uncertain model

A Large noise affecting control scheme
A Unstructured environment

A Soft robots

A Deterministic vs. stochastic algorithms
A Use of ML
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H,Arm robotic setup
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A 4 dofs, 3 rotational joints, 1 prismatic joint
A Webcam mounted on wrist
A Counteracting motors + tendons
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Required task
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Reproducibility

Fabio Bonsignorio and Enrica Zereik. "A simple visual-
servoing task on a low-accuracy, low-cost arm: an
experimental comparison between belief space planning
and proportional -integral -derivative controllers." IEEE
Robotics & Automation Magazine 28.3 (2020): 117-127.
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Belief Space Planning

Robustnessto measurement Robustnessto disturbances
errors

A probability density function of
the system state
A Gaussiandistribution
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A Uncertainties incorporated in the : .
. : Compensatefor uncertain Concurrent reduction of
evolution of the belief state kinematics and dynamics
end-effector underlying g
distance from uncertainty
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BSP versus PID

Input: Mo, Mgoal

Output: v
1: initBSP (); Input: po,pgoal
2: while | e:| > thr. do Output: u;
3: (U1:5,/M1s) — CreatePlan (M, Mgoal);
4: for i = iCnt to s do 1: initPID ();
5: t =GetSystemTime (); 2: while ” (=h " > thr, do
6: Ut — LOR (Uy,Me,my); 3: t =GetSystemTime();
7: Zt — MeasureBlob3Dposition(); 4: dt=t—t’;
8: €t — Mgoal — Zt + &; 5: Zt — MeasureBlob3Dposition();
9: M¢y 1 — EKF (M, Uy, Zy); VS 6: €t — Pgoal — 2t + &;
10: if || m:— m:|| > thr, then 7: e =eif +edt;
L rpiCnt — rplCnt +1; 8: ur=kpei+kiews +ka(e:—er)/dt;
12: if rplCnt%5 == 0 then . b,
13: | icnt —1; =5 E=t
14: else —
5 | icnt —i: DriveEE (u1);
16: | break;
17: | | DriveEE (up);
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H2Arm software architecture

Vision Blob position BSP/PID
Algorithm — = Control
wrt wrist camera
(C++) (Matlab)
A Control |actions
Images | (T y
(Joint | velocities) _
from
camera Low-Level > )
Motor
Al Robot |< Control ;
commands St
(Python)

A Vision algorithm and low-level control are the same for each experimental run
A Blocks communicate through standard sockets
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Additional Nolses=s

Test Calib Bloh Noise Cartesian axes W
Campaign wrt < ¢ >
Fixed No - 0
No 0
First Yes ) Yes 2 r—y 0.05
Moving
Yes . r—y—= 0.05
Yes S 0.025
Fixed Mo — L]
Second Yes , Yes | 3, z—y—2z | 0.025
Moving
Yes 3 x—y—=z 0.035
Fixed Mo - [i]
Third Mo
Moving Yes 3, r—y—= 0,035
(a) Estimation in a successful BSP experiment (fixed blob, no additional  (b) Estimation in a failed PID experiment (fixed blob, no additional noise)
noise)
=
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distribution of noise on the x component
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T | A Additional noise distributed asthe Pierson o,
1 Moskowitz spectrum 8;
Eosf ] A Environmental noise (e.g: illumination ) - ——
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Results at a glance

First test campaign

Fixed blob, Moving lab, Moving blol, Moving blah, Maoving blob,
no molse i nokse Tax-nolse Jax-nokse Jax-nodse TOTAL
w = 0,05 w = (L.025 w = (1LO5
BEP cowntred
Good | Tot o Good | Tot o Good | Tot % Good || Tot ko Good | Tt E Good | Tot Yo
B 1 TLT ] bl 10 10 1 L1 15 15 104y 21 22 95.5 b 63 93.7
| PIY consrod | &
"l
Good | Too | % | Good | Tt | % | Good | Too | % | Good | Teo | % | Good | Tm | % | Good | Too | % -
4 12 | 333 5 6 | %33 13 a0 | 433 k] 1| 273 1 127 | 83 26 71| 366 ko @l
. . e
Second test campaign Y
Fixed blokb, Moving blob, Muoving blob,
o noise Jax-notse Jax-notse TOTAL A
w o= 0025 w o= 0035 BSP
[ BSP control - optimized sysiem | A 97 successfulexperiments out of 104
Good | Tot | % | Good | Tot i Good | Tot % Good | Tot | % 0
17 19 | B9%5 fx 5] 1040 fr f 1000 29 3 93.5 (93.3 @
| PIDY conteed - optimized svatent | A 1 1
- 109.6 secondsaverage execution time
12 | 15 | 8o | 2 6| 333 3 | 500 17 | 27 | #30 A PID

Third test campaign A 44 successfulexperiments out of 110

Fixed biob, Moving biob, (40%
nie niise Jax-noise TOTAL g . .
A 315 secondsaverage execution time

w = 0.035
BEF comirol - umcalibrated svstem

Good | Tor | % Good | Tod il Good | T | %
4 5 80,0 5 5 1000 Q 100 | 90

| P controd < uncalibrated svitem I

Good | Tot % Giood | Tot b Good | T o = s l-’q“ .
@7 o =S . S -

0 5 0.0 14.3 1 12 83 - - ~
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Results of the first test campaign

72.7% 100% 100% 100% 95.5% 33.3% 83.3% 43.3% 27.3% 8.3%
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