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2. Related work
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2.2 Food recognition considering 3D shapes
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EWHSKRBITH . BRO—HIECHET 2 ZoM#EIE, &
DIRARENTEZ 2 &, B 1SN TV Mesh DA
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D=RITIRE —BE B 5 X8 5729012, # LWIBELBEE
T % 3D shape consistency loss Z8R 3 5. 1B, Kig
NTORHFLIE, 1R X5, BREAHO LOANR
VOMAEDdDEERT 2 Z L ITERT 258D 5.
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HDIBLREAETH % 3D shape consistency loss % E AT
5. 59, BEC AR LOMIET 25O EEROMEASD
BOHEERASAX—V 2R IIWCRLO L. WIET 3 HT
DT DETNDHERHNFELTH 2HETHER V. &
7z, BEOHERN 1 T, BROGEERD 0 DM, BF
EFNLOEMTTITRIEL TWB 7=, B2 W, LaL,
BEOEELEN 0T, BROEEXEN 1 THIKMHE, &
HD 3D EFNLEBRO D EFLDOEBELOIB—HLT
WHEWZ L EEIKRT 270, METHZ0 S, RT3
End 5. FHPICRFLT 4 EFHALZVDE, BFD
AR 0T, BROEEEN 1L DHEDATHH, Zh
3FE 1T faa(p) — far(p) ¥ 1 DHFEITHIET 5. BRDT,
max(fg2(p) — far(p),0) EERIMELT B X 5¥FE1TS. %
DI=DIEREBE LTUTOREERT 5.

Le(far(p), faz(p)) = max(faz(p) — far(p) ,0)  (3)

Z % “3D shape consistency loss” EFERZ 2125 5.

Plo 220K (2),3) 2#D T, FEEAEDI =Ny F
TEDURLgHEDD. ZIT,BIEVYTV I LRI
=N F LAY FO i BHOERTH Y, Ny Fi%EH
PoEMT KMEOREY YTV I, BTV LT
JFHOREZ pij, fo BFEGREELZHNT Iy a—4k,
fai, far BZNZhBEFEL BHROSAERLH N T 27—
XTHBT5.

T = fe(Ii) (4)
yli; = fa(xi,piy) (5)
Y25 = faa(xi,pi5) (6)

1 1Bl K
Lp= Bl > (Alﬁo(yli,jvoli(m,j))
i1 =1

+ MLo(y2i,5,02i(pij))
+ AsLe(yli js y2m‘)> (1)
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Sensor” L FHENZTHHLD 3D X ¥ v F, RUEHEHD 3D &
X 7TV —arvefL BRIZ2EBHFIIHLT
HEICEBREFALRYE L2720, BEOETLIIHLT
BEROETNADDIZLIZoTWVS.

4.1 RF¥y Y LIT—2%ZFE0REICT3FIE

FE— 22—y b= DEF I fFHINZ
DI ETNAT—XEy M, HERIICIDETY V7
V7 b EFEHLTADOFCTERINZT—XTHER I T
W3, LaL, AR TIERI N7 —X -ty M, TIRD
3D AF ¥ FTREDF TV 227 b2 RAF v > LTIERL
2. 2F v F XN S Mesh 121/ 4 XRRKaH &
FNTWVWED, —a—F1Fkxy V=T DEBFIZZDE
FHEHTAZLIETERY. 207D, AF v LEETIL
ZEEAREICT 3 7D I 0 DRIMHENNETH 3. %
72, BT, BEE BRO2ODFETFTLOMNER2 HDE
ZOVIRD, FUBEETOHERLET 2 Z e ki L
7z 3D shape consistency loss ZHW\W5% Z & TERWV. R
I v V& o TR E Nz 3D EFMIIE 5 DORIENE
ELT.

(1) 3D EFADOHUDLAFA L —B L 72w

(2) KETHW

(3) ¥4 R2HE— X TN

(4) 7 4 ZWEENTVS

(5) BED Mesh OB DDIEIRD Mesh DPELRE & —5
LTWwWiwn

4.1.1 3D ETFIZERICEDES

AF v YENTZET ML 3D E-O Y I hICEE I N T
BY, B —ShTwRWY. 20780, STREIICTAN
TD 3D EFNEAFLD 3D ZEHOF IR S L5, MBS
bEEITS.

4.1.2 Mesh ORIEDHHTT

AFEHACZ 3y VY- TR EEREHER TS D1
L TWB. ZOROETFTAIKERETILTRVE, E
FIOLDIMU2 A2 D EFED T E W= DFIE T — X 2 1E
WTERW. LALAF ¥ L723D EFLICIEK3DE
LORID X512/ 4 X RMBEEND 720, ZhdEK
BRETNITIDEDD .

RMZEN=3D EFAERMDZ 7L Y ZL1EWNWLD
DIFET % [26], [27), [28]. AWZETid Poisson Surface
Reconstruction [27], 28] ZH\W/z. L2 LZDOT7 ATV X
LEZDEFETNVICHRAIETERVWGELRHS. ZOF
FETMTHEE LGEOREEZRI IR L. TV
Poisson Surface Reconstruction %@ L 72355, €7
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3 Poisson Surface Reconstruction DFfEHR. EDITD L 5 /)
RIS FLMITEIND D, KERRDD 5 ETNVTIEERK
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Food Mesh Fitting

4 ICP (Iterative Closest Point) ZH\T, BH®D Mesh £ &
#20D Mesh ORI DEFEDEZITS.

FIET 2 KIEH B 2 FREN I VWHEREK 3 O LORIOD X 5
2, LB ICHE AR SN S, LeALKI3 D TOND
£ 90T, W L 72 DI EAER S R WET L H 24
1#7£ L 7=. Poisson Surface Reconstruction 23Hif5% 52 X 5
REEERLEZVERERE LT, RENMKETEZ LN
IMTHZ. A¥x % ¥ L7 3D ETF MK L OFMIE D2
TRELTVS. ZOLDFID X5 LIKE OEHTRE
JRWD D, HARFE B D ICHPHE X 5720, % 2T Poisson
Surface Reconstruction # @G5 2 Hil, & % i i
DREMD 27N TV ALZFRLEHRT 2 Z & TR2H
Oz, L EOMHIZ X T, EF/VOREDOREE D 72
%, ETNADH A X%-0.5~0.5 ICIEFL L THA X & ki—
L7.
4.1.3 JAADRE

RITE T VNI 7 4 X035 5 MBI LS 2. o
57/ 4123 LT, TSDF Fusion % W TH X Mesh
ZHMRT 5 Z £ THILL 7. TSDF Fusion &3 Kinect
Fusion [10] TIRES N LFEO—E2IET. COFEZH
W, ETVAERICH B J 4 X R 5EEITED BRV .
4.1.4 fig&bt

BRI, BE (BRCEBREED) tBED 2 DD Mesh
DONBADLEEITS. FEO¥EE D 3D shape consistency
loss Tl&, MOFEBAE CHEBICH 2 Z & ZHitgE LTV
5. Z ZTARMFETIEN 4 D X 512, ICP(Iterative Closest
Point) Z W TEBHREBED2OD Mesh D7 4 v 7 4 &~
TRTV, BEREROMELY HDET:.

4.2 LYAVIJICELBANERDOER
AHFFETIE 3DR2N2 [13] [AIBRIC blender & W5 Y 7 b
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&% fﬂ
BM5 WEEL/ERHDO¥EMCLYRY ¥ 7SN
PRWCHFEHOBEBGEER L. FETVHD 251,
FR% 72 A E D BIREE S BG4 U 7z, 3DR2N2 CfE
N2 ERIE 3D EFADE > TWAEIIT, HELY
WBHEELEWV. L2L, EBO7 V5 —2a Y THW3
BUCEBRPFELRVWRE WS Z kv, 72 2 TR
FETIFAER L - BHEROE R, web 2> SRk 4 BRFEEHD
F—INRT—T NI RADT 7 AF % ZHEREHRE LT
VL, AREGREER L. M5 0L 2{TIZEF AN
LR Y TEINZFOEIRT, T 22308 &2) v
ENZEBICERPEREINTZDDTH 5.

5. RB

BELZETNLTH S “Hungry Networks” Z{HF L T,
LUT DT %1T 5 72. (1)3D shape consistency loss
DEATHIZATHD A3 % 38D DETHE, (2)3 20E
BRBENY ZR=VFy V=7 TH¥E, 3) BRESGKRIN
7Ly R VIHEBRY, BRI N TOWRVWERTEE. #
LAMELLT -2ty bDSIEHRS 216 ETAEZREL
Fety bU =27 DHENC, 24 ETVERFHECHIH L2
AR=RTGA—RTHD A, M Z1THEEL, \s DAZZE
B L THEBR%Z1T - /2. Optimaizer 1213 Adam ZF|H L 7.

5.1 Metrics

TEEMFHIIZIE, Volumetric IoU, Chamber L1 distance,
plate consistency, 3 & TF Volume error Z i3 5. Vol-
ume error |¥, BEDO 0 Y —BOMEICEREBFRL TV
570, AR TIIROEETDH 5.

Volume IoU &, 425K X 417z Mesh ¥ ground-truth Mesh
DD union ¥ intersection D& L TEHZRENS. Ih
1%, Mesh OBEFRR v 7 ZDWHI22 8 100,000 % T ¥ X L
WZHY TV TL, BA Y ARSI HERIS 5 2
LIZXoTEEINS.

Chamfer L1 distance (&, HiJJ X417z Mesh LD i 5,
ground-truth @ Mesh LD R ETOREFRETOREREL,
ground-truth @ Mesh 28, )1 X472 Mesh LD RE
TOREHRECOEM L O THEINS. foL)h
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&, #REnD Mesh DRE LD S 10 TRV > TV 7
L, KD-Tree & W THRIEFFIEZIRR L THEIT L. Th
& (17], [29] L RIBRDEHEAFETH 5.

plate consistency score 1%, ER X N7 EIRD Mesh LD
M6, ERINTBED Mesh LD slcx 3 2 Fil 5k
HOEMOVETHSE. ZORa7EERINTZ2200
Mesh O BZERDOIRD T T0IUR, KE L, BEROBIRA
FUTHIUINE L R 2FEETH 5.

Volume error &, #im S N7z BHEROAEFE L, IEL W
BHEBOMKED L1 O TH 5. BRHOEKEEX, B
HOKREISBHOHEELZEZLGIC 2Tk THELN
%. ground-truth 1272 2 MO KEIL, FEITRFED
Mesh 22 5 BAD Mesh D PRE, B35 Z & TIER L
7z, ZAUIIEEICHEEDI 0 2 720, G D 24 HDET
LD HEMNRIZAT-72. T ground-truth @ 3D B €7
NEAERR L 72

IoU I&EWE S 23 & <, Chamfer L1 distance, Plate con-
sistency score, Volume error I&/N & WIE 5 IR WIEHEET
H5.

5.2 EEF

FTHRANT, A3 DFELFTHE L 72, A3 DB D A% G
T5D, TaA—XDNy 7 R—1E ResNet34, F#H I
AW EREERE SR TORVD DIIEE L THE %
fTo7z. EBRTIX, A3 DfE% 0, 20, 50 D 3 DDETHEE%
fTo7. 728, A3 D0 W5 Z &I, 3D shape consistency
loss Z AWK WHLEHTH 5. FREL2ITRLE. 20D
#i5, 3D shape consictency loss & W% & Volume error
DRAAFIZRKELEML TS Z AL, —H, B
FHLAHROD IoU % Chamfer L1 distance 72 ¥’ 2 2 7%, 3D
shape consictency loss Z i L 2 \WH &R S FEED R
WEWSHERICkR o7 LAL, KM7TIRT 51, 3D
shape consictency loss ZHWRWEHE, BFED Mesh & &
F3D Mesh ICIN DD R > THMEEINTLE> TV
. BEAT7 X, BFA7a-Xe bz, BV L
7z Binary cross entropy THiE{L L TW5 728, IoU 2 ¥
DR OFHEA R < 72 b, RFEFRER & O S FHliAE <
BBEADD % .

RIS, KEOHENL D> L HIEHETH o 7=
A3 =20 ZHWVWT, TVa—XDN\vy 7 KR—2% ResNet18,
ResNet34, ResNet50 ICZZ TH RO AWM S A TWVIRWVE
BTFHL, 2NN TEH L7z, FBR%Z 31ITR L7z R
¥ LTI, ResNet18 ¥ ResNet50 DZEIFIEFIT/NZWVWH D
D, BFHOHIEIAZIX ResNetb0 i d [EMETH - 7=,

ROFEFTIE, FHEBRIIERZERT 2D L7RAVOD
ET, ENRETREBICHET 20 RFME L. Ny ZR—
21Z1& ResNet18 & ResNet50, A3 t& 20 2 HW =, R %
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Input Image

K6 AELBHOZRTHEROMERBER. Ny r7X—-21C
ResNet18, A3 = 20, S HEL OB B TEH L-ET L%
FIF

RAIWRLU, FEEBCERP GRS ATV L5501
9 %3, Volume error ¥ plate consistency score 23 & RUF
RAERDBF SN

5.3 TEEEH

6 13 A3 = 20, ResNetl8 TH R L DEHTEEE X
Nzt y V=7 TH—EGED» SHRINBEF L BRO
Mesh DFEFRTH 2. BFE L EID 3D Mesh DT & 23,
HEHIH L TELLHREN TV E2ELD»S. AN
DEHEFIIIBRIZ T TE R BMETDEELTVS
2, BEDT A—XPEL BEHDOAZEITL TWS I L
HMERTE 2. AT, BEEBEHRD Mesh DT D EZR

R DOIRINFE AL —THEZ e THDZ R T
ns.

Xl 7 12 3D shape consistency loss # FiW/=5& ., AV
THEWEETORRZ B LT3, 3D shape consistency
loss # HWERWIES, B N-BH L B O =TIk
WBRELERSTWR ZeDH 5. ZHIEFFEIL, FHT—X
WHWTWS 3D ETLVOMEICEZ2DDTHS. ¥ ¥
> &7z 3D Mesh 7 — & 1%, {EIHEAR L TW 2585512/
A RXRRMHBFELRTWEHADLD S, LiehoT, €T
N THh o RESGE, 2 D0 Mesh DA RFERIGAIRICE R
2356 03% %. —77, 3D shape consistency loss & i L
72356, W7D Mesh TRIRO BB —E MR T X
TWBZehbhrd

X 1121& ResNet18, A3 = 20, TR EZ AN L E{R T
BLlAy P Y—2R2HAWT, LX) Y ZEB TR
AYDOBREEE T AJNZ=OTHMBR L 2R E2 R L.
RYOBREDFHEIFZA Y bV =27 DFFITHNLNATVR
WS, HREZL VXY Y EBICER L G TEE IR
Tty bU—=2, AYOREOFHICHHEMHAT 2 Z eh
TE7. POV, AW AL, S & h 4
RIEEDO BN, ZHZNEREENPKELERIZ DD,
EFICEHERIATWS Z e xbhr s
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R 2 A3 & 3R —VEBRLUTHM, Ny 27 HR—I2i ResNet34, R4 L OHERTEY.

A3 ToU (dish) IoU (plate) Chamfer Chamfer plate Volume error
L1 (dish) L1 (plate) consistency

0 0.624 0.621 0.0189 0.0186 0.0256 0.0252

20 0.550 0.607 0.0262 0.0182 0.0168 0.0155

50 0.542 0.610 0.0260 0.0209 0.0152 0.0161

K3 N IK—YDIrv bV —2% ResNetl8, ResNet34, ResNet50 @ 3 /8% — > THER.

FTART A3 =20, TRELOHEGTHE.

Plate
IoU IoU Chamfer Chamfer
encoder consistency Volume error
(dish) (plate) L1 (dish) L1 (plate)
score
ResNet 18 0.560 0.634 0.0265 0.0193 0.0146 0.0150
ResNet 34 0.550 0.607 0.0262 0.0182 0.0168 0.0155
ResNet 50 0.564 0.617 0.0251 0.0186 0.0148 0.0147

Input Image| w/o 3D consistency

w/o 3D consistency

Dish Plate

B 7 3D shape consistency loss Z W 2I5E E AW TRWEET
DERFERDLIE. Ny 7 K- ResNet18, A3 = 20/0, &
RIEL OGS TEE L7 LR FA

5.4 3D shape consistency loss |CB T %3

3D shape consistency loss 38 AT 2 Z & 1X, WL DD

AV beFXYy bOWAORHEIFETS. TXV v

b LT, — IR EFHEEIE TS % Chamfer distance 72

CrRHAVEFHETE, BLRB WS Z 272, 3D shape

consistency loss (& ground-truth {Z3E-2) % 728 D loss T

FEWNS7Z XYy P LTI, 3D R¥ ¥ FDAER L

Mesh D/ 4 X% TEZ, L WHHTH 2. ¥EHFT—X

ELTHWS 7 — X 2 JRfiiZs 3D 2% v 2 FHWTIERS

2HE, TNEREBTH-7D, WOHAZD VWL T2/ 4

ABES L THEENTLES. ShapeNet KD T —X

v ME, 3D EFTV VIV 7 MERAWTANTEICERL

TE'TATHY, FFEIESTVEH, 3D ¥ ¥ FEHV

T Mesh Z{E L 723583 HRZ S 30V, 2070

BHRErAESR HBICBFRITLAHRTH 213370, AF ¥

FOREIZE DD ULESBREZEATWS. BMETD

HHEZRD 272912, BED Mesh DIRFED S BEERD Mesh

DEFEZEIWT D BT D ) 4 S EINTHERFL T

L% 5. #Z 7T, 3D shape consistency loss Z#E A L, &5

Bk —HEE 2T, KEZRKD ZFEED Lo 7.

6. Conclusions

MR TIIEED 3D Mesh DEETF— Xty FEIERH L,
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H—RHEGE» O BHE BRO=XTHRET L EHT
% Hungry Networks Z{E L7z. ZHICIIBAFEL BAROD
Mesh QBT DO—HIEZROZDH LLwr X TH % 3D
shape consistency loss #EA L7z. #HiZZL v &V > 7
BHEBRE L VXY v 7 BHEG RG2S L 72
Gr OV, @REIC=XTEREETTE S 2 2Lk,
% 7= 3D shape consistency loss ZEAT 52T, 220D
Mesh DB O—HMEZRHETT 2 Z L ITHIIL, £
NP BEHEBOBRBOHEICEML TWSE Z 2 Z2/R LT
i, BREGEZERLBRERTCEE Ly PV —
70&, V7 VOBHREREZ AN L THIEL T Z
2ZrmLOLE. SHROFEL LTE, BIED=XTE
W, ERL S o ciTbhTs b, EROX
EXEBRTETVARV. Hn ) —BHEEDDITE, E
FROKRZ X ZEFERBTERIFIVITRN. 22T, AR TA
A R DIRTEEEGRASRE R, PREE G, EHEYIAL &2 VW TS
SERER L =ZRTBIRETT 2TV, BRI v ) — &
BIZDORITIZVEEZTNS,
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