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Object Recognition and Pose Estimation from RGB-D Data

Using Active Sensing

TOT14T VU TIZLBRGB-DT—AM o DMK EREE LU BSAHEE
s1250156 SHISHIKI Keito, Supervisor: NARUSE Keitaro

1. Summary of the Research

In most of robot arm applications, pose estimation
of a target object for picking, which has loose
constraints on grasping pose, has been actively
studies (Fig. 1). On the other hand, we need more
precise pose estimation for continuous motion of a
robot arm such as turning a valve in factory
inspection (Fig. 2). In my GT research, | develop
such the precise object recognition and pose
estimation by RGB-D camera attached to a robot
arm introducing the concept of active sensing.

Picking Continuous

motiaon

A

grasping pose

Multiple
grasping pose

https://robotstart.info/wp-content/uploads/2018/03/mjn-01-02.jpg

Fig. 1: Conventional task.

2. Approach/Methodology

2.1 Related Research

In [1], they performed pose estimation for a single
valve with a fixed view in a scene (Fig. 3). In this
study, | estimate a pose for multiple objects from
various orientations (Fig. 4).

Fig. 2: Task in this study.

Fig. 3: Single target in scene. Fig. 4: Multlple targets in scene.

2.2 Approach

Principle: We model and
estimate a handle as a disk

L]

Side Model

View l

@ Handle pose can NOT be ]
estimated by Side Model

J

@ Move camera by
Active Sensing Method |

Front Model

Pose
Estimatable
Range

https://www.monotaro.

.com/p/0222/9683/

® Handle pose can be ]

Fig. 5: Active Sensing Method. [ estimated by Front Model

An RGB-D camera attached to the robot arm is
used for object recognition and pose estimation.

If it cannot estimate a pose, | introduce the active
sensing method to decide a camera position where
the robot can estimate its pose. (Fig. 5)

3. Current Results and Status

Getting the
target segment

( RGB-D Image |
Capture
/Realsense D435

Y

Segmentation
/Color-based
Region Growing

v
Matching

/CSHOT
feature descriptor[2]

7 Object Model

- - Target
( Pose R .
Estimation Extraction of _
/RANSAC based on the Handle Center Point
\_ the circle formula and Normal Vector

Fig.6: Current system architecture of object detection
and pose estimation.

Table 1: Object recognition and pose estimation of
single model with angles.

Matching

Pose
Estimation
(Inlier)

4. Remaining Tasks and Tentative Schedule
Feb.

Nov. | Dec. | Jan.

Improvement of modeling
(CAD/Measurement)
for object recognition

Development of Active Sensing
Method for pose estimation

Thesis writing
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Background.: Recently, IRID  published the
measurements performed on the microparticles from the
Unit 3 and the other Units of 1F. Together with U and Zr
In small amounts, they contained lots of control blade
materials: Fe, Cr, NI, B. EXxperimental analysis In
CLADS performed for Unit 3 showed nearly the same
result: melt produced by B,C granules dissolution in Fe
may have significant volume even during accident under
oxidizing conditions during 1F Unit 3 accident if it does
not contain Zr. This is very much possible only in BWRs
concerning their special internal structure of the core.
The mechanism of the metallic 1F corium debris

formation and propagation requires additional
iInvestigation.
Normal Meltdown Decommissioning

operation Severe accident

propagation,

Debris distribution
Debris properties

are unknown
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Research results on debris distribution
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In situ observed stages of the BWR core melting

Stage 1: Stage 2:  Stage 3: (70 s) Stage 4:  Stage 5:
transient onset of  massive melting secondary solid debris
heating melting blockage formation melting relocation

Top camera__

ControIX)Iade
degraded

Col trolblﬁd& |En \a
Bper] caim E Control blade

\ melted and solid
Chgnlel boxes

debris relocated

Fe-B eutectic melt Eutectic + SS

¥

Solid high-T m}allic debris

/

Relocated control
blade solid debris

— =1 Elevation
AN A A 1099 mm
' ) Bl - 1808 K
it - = 1854 K

Degraded
| control blade

control blade
melt with B,C

e control blade in

before

Solidified metallic debris completely
blocked the channel at around 1500 K.
Does the same happen when it reaches the

core plate?

Research results

decommissioning

Main conclusion: Metallic debris formation In
oxidative environment started with the control blade
melting and relocation of this eutectic melt. In the
simulated Unit 3 scenario (CLADS-MADE-02 test) the
amount of Zr involved was negligible. The surface of
the ferrous melt was slightly oxidized after the
relocation and solidification. The more Zr was involved
In melting the higher will be the oxidation of the
resulting melt. Hence, the amount of generated
hydrogen for the Unit 3 scenario is the highest among
the 1F units. The resulting volume of metallic debris
should be lower than in the Unit 2. However, even this
amount Is enforced by B, so it represents additional
difficulties for the 1F decommissioning.

The LEISAN facility

Large-scale Equipment for Investigation of Severe Accidents in Nuclear reactors
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Post-test investigations

Examples of the cross-section analysis

1200 mm
Tmax = 1605 °C Control blade
M- intact degraded
| control blade melt rivulet
No. 8 | q
620-640 mm
Tmax=1305 °C t .
> » Channel box o gege
(>13007¢ 150 <)% Solidified melt

no melt-through,
But traces of melt attack

Control blade
No. 1 debris
60-80 mm

Tmax =990 °C i

B New results at the temperature up

! to 1500 °C B behaviour refined:

4 1) Trapping B,C granules survive
in the debris at high T (no big
Interaction with steam);

2) Reaction goes with melt:
reacted area turns into pure C
graphite and B escapes to the
melt;

3) Oxidation of debris causes B
and C transport to the outside of .
debris as shown by detected CO \“ I“

Lower part

Reaction of ByC*. ikl
With melt and its “&.
demmpusﬂmn to C :5*'3. )

Ewdence Df
H;B0; on the surface 5
0 )tamed by Raman — ™
a result of Cr+B and "
where possible B,C °
compounds oxidation
by steam

and CO, gases and formation of
boric acid on the debris surface
detected by Raman
spectroscopy.

4) Boric acid and the absence of
oxide layer was confirmed on
the surface of the B-containing

debris
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