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Beverage Container Garbage Recognition System

with Thermal Camera for Recycling Robots®

Kotaro Yoshimoto

Abstract

In recent years, there has been a growing demand for a waste recycling. For
efficient recycling, it is effective to automate the waste sorting process using a
robot system. In this thesis, we propose a system using a thermal imaging camera
to sort beverage container wastes with robot. We also propose two methods
to calculate the material and the grasping point of the waste by focusing on
its thermal response characteristics and the far-infrared reflection characteristics
that detected from the thermal images obtained by the proposed system. In
experiments, we verified the recognition of beverage container wastes using the
proposed system, and achieved 100% accuracy in material estimation and 93%
accuracy in image region extraction. The improved method can estimate the

material with an accuracy of 70% even in a dense waste environment.

Keywords:

Recycling Robot, Image Recognition, Material Estimation, Thermal Image

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and
Technology, March 14, 2022.
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Figure 1: Spectrum of black body radiation near room temperature



Reflected

Energy
Incident
Radiated Eﬁ;g;
energy
Object Surface

Absorbed ™=
\

Ener -
gy \

Transmitted
Energy

Figure 2: Energy flow on an object surface



V4 =Y OZEMHID S D, BENERNETERT 2 & 2 ¥ 7 KRIGERI
N TER T2 ZEITHETE 3.

P EXY, @ OKIRFHT ORER CIOERNER TRARY MBI ->TED,
YIVRIRE D> & U S N2 BRI O BRI E > > v 7T 5 2 & TYRERHEIO
REEHETZZ N TES.

TEERCHHFR 7707 OMFRITIZEBOYIRE LTI N TOERPE 2K
T 2EREEHR-> TV, ERRIQEFEELRZY. KO X512, kR
WA L7eZ I F =D BbIRINE N o TR NF =3RS H L < [ES7 30
5. ZOLE, AT ANF T BTN F—DEIGE LTHRIR o
REtRp - BlRr 2E222, TIAF—FEAIIDRX @ /Do,

ptat+r=1 (4)

TERBREVEROBE OB NERT I XA -2 UTHEE  PETFLN 5.
TR IR S F 2 T AL F — 2 RIRDOTEREDBEH T 2 T4 LF—T
Ho/fETHD, WHLPHEICI> TZOMHEIZERS. £z, 1859FICT AL
7 XAy ZRE o THAZINLBHFHZANLF —IZTONTOF LAY 7D
LRI (Kirchhoff’s Law) 12 & 2 & U= € L WRINES o 13FFE L.

BETRIIBRRECBI 2 AN F—D AR HOEEERT T XA—ZL LT
TR2ZeHNTES. FIZX, BEERIEOVEICBWTIIAS L ERKDOZ
IR E N2 —7, FIROTEREARE HRTHILVED T XLX -2 ST 5.
PIARE DIREZIEL L HEE T 27201 Z OBEENEE R AT X—R LD,
B[RS X 7 ICEDUEDHE R H SN DT> TWE I EBRETH 5.

TOTA4TH—FI ST« REERNCYIRRINCERIZ AS L, MERRDK
HOWELRERD X ZTHET DI FEET 774 7 =777 0200, ¥
ROIEFEREICHWONTEZG]. 72774 TV —E7 7 7 4 TRIWEKRHOD
REREZBL TURDOIRE DR TIREZMET 2 2 TE B, iRy
RDRT X =2 DEERZ T 5. FIZIX, WAREREICHIN X L7 BRI T %
NF—IZEHEIND 28I & o TRET 2WEORMEE D LR ORTFIIVED

8



HBNC Ko TRR S, £, INETE, MHRREOAIRE L TR L7223, &
FORTIEEZD L ZITIMRDOAERITONWTHEET 2RHEDDH 5. YRR
HIDS AS T AL F —I12 K o Tl B U 2B, RioREIZYIIRNEDHEE X
DEi 725, A ULRERFERSZE RN U b o TR DR E D & HEAN
RIINF—DBFT LI ICLDBHEINLS LT3, Z05E, WEoRR
BRIZK - TABENORED R 570, RAWEDEND U7 ENDH 5.
¥ 7z, MIEANOIBDHED 2 L InHIDIGE 203, ZOMTFIEX (B) o=2—1
> DMHANERI (Newton’s law of cooling) I X o> CEHETE 5. =2 — b DA
FEHNE, 22572 8 OBEPIC BN @R D ERIBEIC X > TaAlX N o ik
ERLULEAITH 3.
_dQ

— =aS(T ~T,) (5)

Z 2T, QIIEROFOEE, SIZEROREM, TIXERORE, T, 3EED
METHZ. £, HOER o ZBEER L XITN2HEROBIRZ LI Xk > THR
E¥5EHMTH 5.

ZZT, FEROBRECEEZD L,

dQ AT
E?_CE_ (6)

TH23Hh56, X @) ZEHL, TIWOWTHEL R @ DLk51chk3.
T = (Ty—Tp) exp(—%t) LT (7)

X, MEORENREEDRE (F205%E R IX8h o THREBIHNCHE
THIEREKRT L. —77, ERPIT X 2 METIXERI 2 321 7Yk R EIc—
EDRTANF—DEHIMEN 272D, BHICE 2 T2 LF—DORIFZ2E XL Th
IR EFRIEIIC R 2133 TH B, FEEYZ 0T & 2= /RIMRIEZ IR
ELSE, BBO X, MMEARHICIARER DR b5 & e BB 72 iz
KB T CIBTE BRI e 72 5. £, WARICIE, BEHC X 51E
FEART 334 U, =IRICHID o THREGIEINCIRE 2 T 23 o T <.

Bai 5 DL TIZZ D K 5 BRINEA - AR DIREZ(LDRRIT — & %= A
1 UTHHEI ORI ZAT o 7203, AIFED & 512k > > v ZIKEOHIRDA S % &

9



alnjeladwa)

room
temperature

:<—>:
* heating
period

Figure 3: Image of temperature transition of heated object surface
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Figure 5: Proposed system configuration and robotic manipulator
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Figure 6: Flow chart of proposed system
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Figure 7: Flow chart of method 1
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Figure 8: Heated conveyor and garbage
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(a) Simple object extraction (b) Improved object extraction

Figure 9: Object extraction improvement
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Figure 10: Process flow without object extraction
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(a) Raw thermal image (b) Highlight from single image

(c) Highlight from 30 images

Figure 11: Accumulated highlight of thermal image
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(a) Before expansion (b) After expantion

Figure 12: Expantion of highlight
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(a) Raw thermal image (b) Reflection map

Figure 13: Calculation of reflection map
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(a) Temperature map (b) Reflection map

- &

(c) Materal map

Figure 14: Calculation of materal map
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@ plastic bottle
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77

(a) Material map (b) CoG of each clusters

Figure 15: Calculation of object map
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Table 1: Segmentation result of method 1

Precision[%] | Recall[%] | F-score[%]

Plastic bottle 94.6 91.0 92.8

Can 96.8 90.1 93.2

Bottle 93.2 90.8 92.0

TP
Precision —
recision = o rn (11)
TP

Recall = m—m (12)
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(a) Annotation (b) Segmentation evaluation

Figure 16: Annotation and segmentation evaluation

(a) RGB image (b) Thermal image (c) Segmentation result

Figure 17: Raw images and segmentation result
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Figure 18: Scatter plot of training data
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Figure 19: Scatter plot of test data
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Table 2: Confusion matrix of material recognition

Plastic Bottle | Can | Bottle
Plastic Bottle 40 0 0
Can 0 40 0
Bottle 0 0 40

Il Plastic Bottle
Glass Bottle
Il Aluminum Can

True Positive

(a) Manual annotation (b) Material map

Figure 20: Material map evaluation
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Table 3: Segmentation result of method 2

’ Precision|[%] ‘ Recall[%] ‘ F-score|[%] ‘
| s44 | 920 | s8s0 |
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Table 4: Object detection result

H Percentage of divisions|%] ‘

Succeeded recognition 88.3
Failed classification 3.7
Failed detection 11.1

Failed classification/detection 1.9
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(a) Sparse scene (b) Dense scene

Figure 21: Two different conditions of scattered garbage

(a) Method 1 (b) Method 2

Figure 22: Comparison in sparse scene

A Aluminum Can A Aluminum Can
‘ Plastic Bottle ‘ Plastic Bottle
* Glass Bottle * Glass Bottle /3

s

(a) Method 1 (b) Method 2

Figure 23: Comparison in dense scene
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Table 5: Object detection result in sparse scene

Method | Method 2[%] | Method 1[%] |
Succeeded recognition 88.3 96.3
Failed classification 3.7 3.7
Failed detection 11.1 0.0
Failed classification/detection 1.9 0.0

Table 6: Object detection result in dense scene

Method | Method 2(%] | Method 1[%] |
Succeeded recognition 70.4 14.8
Failed classification 7.4 0.0
Failed detection 18.5 27.8
Failed classification/detection 3.7 55.6
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Figure 24: The trade-off between classification accuracy and the number of images
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