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Scenario description

Conduct scene analysis, identify objects based on specific shapes (tri-
angular, square, or circular), and determine their orientations.

Choose one object from the group.

Create initial grasp positioning, final grasp positioning, and plan the
route for reaching the object.

Implement the planned route to reach the object.
Grasp and lift the selected object.

Identify the appropriate mold (either triangular, square, or circular)
for the object.

Plan the route towards the identified mold.
Follow the planned route to the mold.

Release the object into the mold.



1.1 Hardware setup

Hardware Task Degrees of free- | Role
dom

Manipulator Approaching 6 effector
and translocat-
ing objects

Suction gripper | To pick up ob- | N/A effector
jects

RGB-D camera | To identify the | N/A exteroceptor

(Kinect)

object and en-
able its localiza-
tion in time

1.2 Notation

B - robot base reference frame

E - end-effector frame

K - Kinect frame

M - Mold frame

v - v-th object frame

C - current pose

T - transformation

PT - Effector with respect to base

2T - Kinect with respect to base

BT _ v-th object with respect to base

BT - mold with respect to base

ET - Kinect with respect to effector

%T - v-th object with respect to effector

T - mold with respect to effector




IZT - v-th object with respect to Kinect
KT - mold with respect to Kinect

MT - v-th object with respect to mold

2 Internal structure of agents



2.1 General system structure
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2.2 Inner structure of the virtual effector
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2.3 Inner structure of the virtual suction gripper ef-
fector
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2.4 Inner structure of the virtual receptor

List of recognized objects by Kinect
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2.5 Inner structure of the control subsystem
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3 Sampling rates
Eirpm - 2 miliseconds

€irp,m - 2 miliseconds

Eirpg - 2 miliseconds

€irp,g - 2 miliseconds

Riyp i - 33 miliseconds

Tirp - 50 miliseconds

Cirp - 2 miliseconds (same as fastest virtual effector

4 General description of virtual effectors/receptors
behaviour

eirpm - This effector is responsible for maneuvering the arm to align the suc-
tion gripper over the targeted item. It communicates the arm’s position and
the force-torque data to the control subsystem. Once the object is secured,
it transports the object to the designated mold, ensuring proper orientation
for insertion.

€irpg - This effector activates the suction when the gripper is accurately
positioned. It monitors and conveys the gripper’s suction intensity and its
grip status to the control subsystem. After the item is secured and positioned
over the appropriate mold, this element facilitates the release of the object.

Tirpse - Lhis effector takes care of item identification, determining and com-
municating their positions to the control subsystem. It also provides details
about the rotational adjustments necessary for the picked object, enabling
its correct alignment with the mold.



5 Data Structures (Buffers) of control sub-
system

5.1 Buffers
;Cirp,k = grirp,k
2Cirp.g = geimg
;Cirp,m = ;eirp,m
Zcirp,g = 1Cirpg

e __c
ycirp,m - g;eirp,m

5.2 Memory

“Cirp[RT] Kinect sensor pose wrt robot base reference frame
“CirpleT) Transformation between the suction and pre suction poses

“Cirpl;. 1O, List of verified object and their types (square, circular or trian-
gular)

Cirp| EB; T4] Suction pose, when the contact with the object is expected
“Cirp| EE T,] Pre-suction pose, where should the final grasp approach begin
“Cirpld,] Transformation between the suction and pre suction poses
“Cirplp. T'q] Start pose of the manipulator

“Cirplpo] Level of pressure in suction when suction is turned off

Cirp [ET] Pose of center of the gripper with respect to end-effector
Cirplpp] Vacuum pressure level indicating that the object got picked up

“Cirpl,V as ,Da, ,14) Velocity, damping and inertia values (along the Z axis)
when approaching the object for suction
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6 Transition functions and terminal conditions

6.1 States and Behaviours

“Sirp1 | ‘Birp1 Move to initial pose
“Sirp2 | “Birp2 | Recognize objects in the scene
“Sirps | ‘Birps | Generate suction parameters
“Sirpa | “‘Birpa Move to presuck pose
“Sirps | “‘Birps Move to suck pose
“Sirp6 | “‘Birpe Start sucking

“Sirp7 | “‘Birpa Move to presuck pose
“Sirps | ‘Birpt Move to the molt pose
“Sirpo | ‘Birps Turn off sucking

6.2 Terminal conditions

Srps = (BT = ESTd) (1)
fipz = Cpl1 VO] # NIL (2)
“fips =TRUE (3)
¢ Z—Tp,4 £ (ch = Epr) (4)
Srps = (5Te = 5Tm) vV (7F. > 0)) (5)
Frns = (01 = pi) (6)
Frpr = (de =do) V (cc > ) (7)
Frps = Frpa (8)
Frpo = (0 =0) (9)

(10)

6.3 Transition functions
Transition function ““f;,; Move to initial pose

e z+1 [BT ] . c,epr’l(ccz: ) é EB;Td

Yy ’LT’p m wrp

Transition function ““f;,,» Recognize objects in the scene

A [PETY] = fipa (Chp, 0y ) £ US (170, KT 1 F0.)

zrp m
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US - Update State

Transition function ““f;,,5 Generate suction parameters

Z :'j;)lm[ET ] = Ccfzrp 3(8 irp) = (c szrp,?) l(c ;rp)’ C’Cfirp,?:,?(cczrp))

“fips1 = GC (CO (arg max (1--~€OC)) ’]gT)

GC - Suction pose calculation, CO - choose object

“ firpaa = GO (CO (arg max (1 Bo. )) ,?T) crt

Transition function ““f;,, Move to presuck pose
e z+1 __ceyf. c i A B
yCirp, m[ET ] fZTPA( Cirp) — E Ty

P

Transition function ““f;.,5 Move to suck pose

C’efirp,f) 4
L “Firpss

> 1> > 1> >

1(cct
oot
et W BTd] = firps(“Chp) £ 4 firps, 3(CC
(¢ct
(¢ct

=t
i
— N — N

Transition function ““f;.,s Start sucking
e i+l [B .__ce ci A
ycirp,m[ETd] T firp,6< Cirp) =D
Transition function ““f;.,7 Move to the molt pose
e z+1 B il A B
Y zrpm[ Td] f”‘pg( z'r’p) - Ede
Transition function ““f;,,s Turn off sucking

; ijlm[BT ] = C7ef’i7’p,8(ccz:rp> é —Di

7 Structure of the FSM
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7.1 FSM of the control subsystem
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