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(Distortion Removal and False Positive Filtering
for Camera-based Object Position Estimation)
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(Sil Jin, Jimin Song, Jiho Choi, Yongsik Jin, Jae Jin Jeong, Sang Jun Lee)

Abstract

Robotic arms have been widely utilized in various labor-intensive industries such as manufacturing,

agriculture, and food services, contributing to increasing productivity. In the development of industrial robotic arms,

camera sensors have many advantages due to their cost-effectiveness and small sizes. However, estimating object
positions is a challenging problem, and it critically affects to the robustness of object manipulation functions. This
paper proposes a method for estimating the 3D positions of objects, and it is applied to a pick-and-place task. A deep

learning model is utilized to detect 2D bounding boxes in the image plane, and the pinhole camera model is employed

to compute the object positions. To improve the robustness of measuring the 3D positions of objects, we analyze the

effect of lens distortion and introduce a false positive filtering process. Experiments were conducted on a real-world

scenario for moving medicine bottles by using a camera-based manipulator. Experimental results demonstrated that the

distortion removal and false positive filtering are effective to improve the position estimation precision and the

manipulation success rate.
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Table 1. Effectiveness of FPF for 2D object detection

Precision Recall mAP mAP
FPF
(%) (%) (%) 50-95 (%)
- 882 99.7 98.4 89.4
v 99.7 98.2 99.0 91.3
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Table 2. Effectiveness of image distortion correction
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A5s w7l Hsl F HA WS AerEth A wAe
FPF €ugl5s &3 9 HdE 45S =9 3 vyE
gold Aol EolXe AL 7dae Wiolxn, F WA
oA 7L nAst o Jga Az FAHES S
YEgold Ass Eole Aotk
WA AE ouEdeld AsE mole A WA g
FPF &a2|F AMS 9% mz oy & A5S % 19
Al Holgrh 2A&S HEHStE FPF ¢85S 4483}
o o9 HE ATE AT o ARSI HHEE

Precision-Recall curve, mAP50-95°]t}. Precision-Recall
X

0
curve?] A FA ol WAL X33 mAPZ YERY
Stk FPF dmdss Aes s =

Precision-Recall curve WS HEE7F B4A%E FH U
i, mAP50-95+= 894%9%th FPF 45 A48
ofd HE A% C® Precision-Recall curved AHIdE=E
99.0%, mAP50-9%5+ 91.3% = FPF &az|&5S #8317 &
*e wro o] AMdE AE & =

al a9l o=

FPF ¢ae5s A83s o 24 4& Aol 2o

252 mjyEdeld #F Al epol gl el miyEd
olids 7Y & FES YE Jow VYT 5 Stk

HAF vy Edold Ao =ole F WAl HyeR ol

A g B B A F4 A A3E & 204 Y

Witk @7 EEE MAESH MAPES AHgeRiith =€

olm A A F4 Ay MAEE 3004mm, MAPE:

9.07%= =A%, st AP gelds F o|wA

B ¢ B4 ¥ Ay F4 2% MAEE 1950mm,

MAPEE 6.13%= 5ol &8 s dqd + dvk o
7]

B 9B 2 2HE Bef |y

el

H 3. FPF 1yt O|0fX] o= X o{F0| wE ofL{Z0[M
ds Hl

Table 3. Ablation study for manipulation accuracy with and
without FPF and image distortion correction

Distortion MAE MAPE MA
FPF i
correction (mm) (%) (%)
- - 17.60 5.08 73.33
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