
Robot Programming Methods

Krzysztof Rudnicki, 307585

January 8, 2024

1 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.
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1.1 Hardware setup

Hardware Task Degrees of free-
dom

Role

Manipulator Approaching
and translocat-
ing objects

6 effector

Suction gripper To pick up ob-
jects

N/A effector

RGB-D camera
(Kinect)

To identify the
object and en-
able its localiza-
tion in time

N/A exteroceptor

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

B
ET - Effector with respect to base

B
KT - Kinect with respect to base

B
vT - v-th object with respect to base

B
MT - mold with respect to base

E
KT - Kinect with respect to effector

E
vT - v-th object with respect to effector

E
MT - mold with respect to effector

2



K
vT - v-th object with respect to Kinect

K
mT - mold with respect to Kinect

M
vT - v-th object with respect to mold

2 Internal structure of agents
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Motor control
Manipulator pose and
force-torque readings

Manipulator motion
control

Suction control

Suction power and current readings

Suction control

List of recognized objects wrt Kinect reference frame
Object recognition

and pose estimation

Desired suction

Motion commands

Task execution,
sensor data fusion,

trajectory generation

Encoders and force-torque readings,
500 Hz, every 2 ms

Robot arm

Visual Feedback (30 Hz, every 33 ms)
RGB-D image from Kinect

Kinect sensor

Object

Conveyor

Suction

Encoder and current readings
(whether we are sucking on something or not), 500 Hz, every 2 ms

2.1 General system structure
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Control subsystem buffers

Real effector buffers

Virtual Effector

Motion control

Memory

Motion commands

Manipulator pose and force-torque readings

Encoders and force-torque readings

2.2 Inner structure of the virtual effector
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Control subsystem buffers

Real effector buffers

Virtual Effector
(fo suction gripper)

Suction control

Memory

Desired gripper pose

Gripper pose and current readings

Encoders and current readings

2.3 Inner structure of the virtual suction gripper ef-
fector
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Buffer to control subsystem

Buffer from real receptor

Virtual receptor

List of recognized objects by Kinect

Memory

RGB-D image from Kinect

2.4 Inner structure of the virtual receptor
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Virtual effectors and receptors buffers

Control Subsystem

Motion commands

Memory

Gripper commandsManipulator state Gripper state Recognized objects

2.5 Inner structure of the control subsystem
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3 Sampling rates

Eirp,m - 2 miliseconds

eirp,m - 2 miliseconds

Eirp,g - 2 miliseconds

eirp,g - 2 miliseconds

Rirp,k - 33 miliseconds

rirp,k - 33 miliseconds

cirp - 2 miliseconds (same as fastest virtual effector

4 General description of virtual effectors/receptors

behaviour

eirp,m - 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.

eirp,g - 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.

rirp,k - This 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.
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5 Data Structures (Buffers) of control sub-

system

5.1 Buffers
r
xcirp,k =

c
yrirp,k

e
xcirp,g =

c
yeirp,g

e
xcirp,m = c

yeirp,m
e
ycirp,g =

c
xeirp,g

e
ycirp,m = c

xeirp,m

5.2 Memory
ccirp[

B
KT ] Kinect sensor pose wrt robot base reference frame

ccirp[
P
GT ] Transformation between the suction and pre suction poses

ccirp[
B

1...VOc] List of verified object and their types (square, circular or trian-
gular)

ccirp[
B
Eg
T d] Suction pose, when the contact with the object is expected

ccirp[
B
Ep
T p] Pre-suction pose, where should the final grasp approach begin

ccirp[do] Transformation between the suction and pre suction poses

ccirp[
B
Es
T d] Start pose of the manipulator

ccirp[po] Level of pressure in suction when suction is turned off

ccirp[
E
FT ] Pose of center of the gripper with respect to end-effector

ccirp[pp] Vacuum pressure level indicating that the object got picked up

ccirp[zV d, zDd, zId] 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
cSirp,1

cBirp,1 Move to initial pose
cSirp,2

cBirp,2 Recognize objects in the scene
cSirp,3

cBirp,3 Generate suction parameters
cSirp,4

cBirp,4 Move to presuck pose
cSirp,5

cBirp,5 Move to suck pose
cSirp,6

cBirp,6 Start sucking
cSirp,7

cBirp,4 Move to presuck pose
cSirp,8

cBirp,7 Move to the molt pose
cSirp,9

cBirp,8 Turn off sucking

6.2 Terminal conditions

cf τ
irp,1 ≜ (BET c =

B
Es
T d) (1)

cf τ
irp,2 ≜

ccirp[
B

1...VOc]] ̸= NIL (2)
cf τ

irp,3 ≜ TRUE (3)
cf τ

irp,4 ≜ (BET c =
B
Ep
T p) (4)

cf τ
irp,5 ≜ ((BET c =

B
ETm) ∨ (EzF c > 0)) (5)

cf τ
irp,6 ≜ (pl = pi) (6)

cf τ
irp,7 ≜ (dc = do) ∨ (cc ≥ cl) (7)

cf τ
irp,8 ≜

cf τ
irp,4 (8)

cf τ
irp,9 ≜ (pl = 0) (9)

(10)

6.3 Transition functions

Transition function c,ef irp,1 Move to initial pose

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,1(
cciirp) ≜

B
Es
T d

Transition function c,ef irp,2 Recognize objects in the scene

eci+1
irp,m

[
BETd

]
:= c,cf irp,2

(
cciirp,

rxciirp,k
)
≜ US

(
B

1...VOp,
B
KT

K
1...VOc

)
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US - Update State

Transition function c,ef irp,3 Generate suction parameters

e
yc

i+1
irp,m[

B
ET d] :=

c,cf irp,3(
cciirp) ≜

(
c,cf irp,3,1(

cciirp),
c,cf irp,3,2(

cciirp)
)

c,cf irp,3,1 ≜ GC
(
CO

(
argmax

(
B

1...VOc

))
, EFT

)
GC - Suction pose calculation, CO - choose object

c,cf irp,3,2 ≜ GC
(
CO

(
argmax

(
B

1...VOc

))
, EFT

)
P
GT

−1

Transition function c,ef irp,4 Move to presuck pose

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,4(
cciirp) ≜

B
Ep
T d

Transition function c,ef irp,5 Move to suck pose

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,5(
cciirp) ≜



c,ef irp,5,1(
cciirp) ≜ [u, u, g, u, u, u]

c,ef irp,5,2(
cciirp) ≜ [−,−,−,−.− .−]

c,ef irp,5,3(
cciirp) ≜ [0, 0, zV d, 0, 0, 0]

c,ef irp,5,4(
cciirp) ≜ [−,−, zDd,−,−,−]

c,ef irp,5,5(
cciirp) ≜ [−,−, zId,−,−,−]

Transition function c,ef irp,6 Start sucking

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,6(
cciirp) ≜ pl

Transition function c,ef irp,7 Move to the molt pose

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,8(
cciirp) ≜

B
Em

T d

Transition function c,ef irp,8 Turn off sucking

e
yc

i+1
irp,m[

B
ET d] :=

c,ef irp,8(
cciirp) ≜ −pl

7 Structure of the FSM
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Object sucking

Move to initial pose Recognize objects on
the scene

Generate suction
parameters

Move to mold pose Move to pre-suck
pose

Move to pre-suck
pose

Turn off suction Turn on suction Move to suck pose

7.1 FSM of the control subsystem
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