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‘Uncontrollable’ stuff

• Uncertain and complex dynamics

• Uncertain model

• Large noise affecting control scheme

• Unstructured environment

• Soft robots

• Deterministic vs. stochastic algorithms

• Use of ML
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H2Arm robotic setup

• 4 dofs, 3 rotational joints, 1 prismatic joint

• Webcam mounted on wrist

• Counteracting motors + tendons
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Required task
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Deterministic

vs

Stochastic control

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.



Belief Space Planning

• probability density function of 

the system state

• Gaussian distribution

• Uncertainties incorporated in the 

evolution of the belief state

Robustness to disturbances

Compensate for uncertain

kinematics and dynamics

Robustness to measurement

errors

Concurrent reduction of

end-effector

distance from 

the target

underlying 

uncertainty 
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VS

BSP versus PID
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Images

from

camera
Motor

commands

Control

(Joint velocities)

actions

Blob position

wrt wrist camera

Vision

Algorithm

(C++)

BSP/PID

Control

(Matlab)

Low-Level

Control

(Python)
Robot

H2Arm software architecture

• Vision algorithm and low-level control are the same for each experimental run

• Blocks communicate through standard sockets
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Additional Noise

• Additional noise distributed as the Pierson-

Moskowitz spectrum

• Environmental noise (e.g. illumination)
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Results at a glance

• BSP

• 97 successful experiments out of 104

(93.3%)

• 109.6 seconds average execution time 

• PID

• 44 successful experiments out of 110

(40%)

• 31.5 seconds average execution time 

First test campaign

Second test campaign

Third test campaign
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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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Results of the second test campaign
89.5%           100%           100% 80%             33.3%           50%
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Results of the third test campaign
No plot on final 

error norm for PID 

because just one 

experiment for 

each PID category 

was successful

80%                         100%      
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The time evolution of mean

posterior variance of the blob

position measurement (left

column) and of the end-effector

Cartesian error (right column)

throughout successful

experiments in the different

categories of the third test

campaign. No PID run in the

“fixed blob, no noise” case was

successful. As expected, the

graphs in the right column are

very similar to those in the left

column.

(a) and (b) BSP with fixed blob,

each with no noise. (c) and (d)

BSP moving blob, each with

three-axis noise, w = 0.035 (e)

and (f)

PIDs with moving blobs, each

with three-axis noise, [Just one

experiment in each of (e) and (f)

was successful.]

Results of the third test campaign – successful runs
BSP

fixed

blob

no

noise

BSP

moving

blob

w=0.035

PID

moving

blob

w=0.035
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Time evolution of mean

prior covariance matrix

norm throughout successful

BSP experiments in the

different categories of the

third test campaign.

Results of the third test campaign – successful runs
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Results of the third test campaign – failed runs
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Discussion of results

Thanks to the experiment reproducibility it was possible to fairly compare BSP and PID:

• Effects of noise:

• benefit from randomization

• low precision of the vision system

• Effects of LLC uncalibration:

• BSP: 9 successful runs over 10

• PID: 1 successful run over 12

• Effects of Measurement Variance on Experiments

• vision-based  measurements intrinsically affected by noise

• BSP enhances the measurement process with its smoother motion

• BSP mean measure variance more homogeneous wrt PID

• BSP control strategy limits unnecessary vibrations and large spikes on the motors
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Lesson learned

• PID surely works for heavy, rigid and very accurate robotic structures, but it is not

suitable for soft or lightweight and non-reapeatable robots

• BSP, on the contrary, performs well on systems affected by high noise and uncertainty

• PID is faster in task execution than BSP

• BSP is computationally heavy

• Reproducibility allows to highlight significant behaviours of the system, and to fully

investigate the trigger causes
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Three main components:

1. Main article:

General idea, motivations, high-level description of the work, results in brief

2. Supplemental material:

Methodology, full results, discussion, experiment user guide

3. Data and code repository

Implemented code, logged datasets, user guide to experiment, eventually

hardware specs

H2Arm - BSP vs PID experiments – Supplemental Material

• Introduction and Problem statement

• Materials and Methods (system setup, software components, control strategies)

• Results (experiments, disturbance and noise modeling, description of test 

campaigns)

• Discussion (BSPvsPID comparison, effects of noise, effects of motor uncalibration, 

effects of measurements variance)

• User guide (hardware and software setup, material organization on DataPort, 

changing experiment parameters, launching procedure)

Reproducible articles
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Supplemental information
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BSP PID

Supplemental information

Reproduced 

results can 

be easily 

compared
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Code, logged data, instruction and all details needed to reproduce experiment

should be shared

Repository on 

• CodeOcean: suitable for simulation, run on remote machine

• IEEE DataPort: store many kinds of files, suitable to share logged

data, implementation details, instruction…

H2Arm - BSP vs PID experiments

https://ieee-dataport.org/open-access/h2arm-bsp-vs-pid-experiments

Code repository
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IEEE DataPort
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IEEE DataPort
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CodeOcean
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CodeOcean
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CodeOcean

The ShangAI Lectures November, 10th 2022



CodeOcean
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Main points of a reproducible work
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R-article

r-article

reply 
article

It will be possible to publish a short article 

about the results replication of the R-article. 

Such articles will be peer reviewed like any 

other RAM article and will undergo a data and 

code consistency check.

Similarly, we, the authors of the original R-

article, will be able to submit, again, in the 

form of a short peer-reviewed article, a reply 

to the authors of the r-article, again, with a 

data and code consistency check.

We are here

R-article Life Cycle
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Imitation Learning on H2Arm
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Use of ML
Fabio Bonsignorio, Cristiano Cervellera, Danilo Macciò and Enrica 

Zereik. "An imitation learning approach for the control of a low-cost 

low-accuracy robotic arm for unstructured environments.“ Springer 

International Journal of Intelligent Robotics and Applications. In press.



      

     

     

     

        

   

   

  

     

            

   

   

  

   

       

       

  

           

Motor (MDL) vs Cartesian (CDL) schemes
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RNN structure
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Results at a glance
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Almost 10 times 

faster!



Train trajectories without noise
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Train trajectories with noise
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CDL trajectories
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20 experiments without noise +

20 experiments with noise



MDL trajectories
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20 experiments without noise +

20 experiments with noise



Results in more details
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20 experiments without noise +

20 experiments with noise for

both CDL and MDL



And now…. DEMO!

Thank you!
enrica.zereik@cnr.it
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