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Abstract: Food computing has long been studied and deployed to several applications. Understanding a food image at the 

instance level, including recognition, counting and segmentation, is essential to quantifying nutrition and calorie 

consumption. Nevertheless, existing techniques are limited to either category-specific instance detection, which does not 

reflect precisely the instance size at the pixel level, or category-agnostic instance segmentation, which is insufficient for dish 

recognition. This paper presents a compact and fast multi-task network, namely FoodMask, for clustering-based food 

instance counting, segmentation and recognition. The network learns a semantic space simultaneously encoding food 

category distribution and instance height at pixel basis. While the former value addresses instance recognition, the latter 

value provides prior knowledge for instance extraction. Besides, we integrate into the semantic space a pathway for class-

specific counting. With these three outputs, we propose a clustering algorithm to segment and recognize food instances at a 

real-time speed. Empirical studies are made on three large-scale food datasets, including Mixed Dishes, UECFoodPixComp 

and FoodSeg103, which cover Western, Chinese, Japanese and Indian cuisines. The proposed networks outperform 

benchmarks in both terms of instance map quality and speed efficiency. 
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1. Introduction 

Instance counting, segmentation and recognition 

are basic functions to understand visual world. While 

human is able to perform these functions “in a glance”, 

devising a neural network for them is a functionally 

complex task. In the literature, these functions are 

investigated and composed either loosely as a multi-task 

learning problem [1] or tightly as a cascaded learning 

problem [2]. For example, Mask R-CNN [1] and 

CenterMask [3] are constructed posterior to the typical 

object detection networks for instance segmentation. 

Deep watershed [4] and SECB [5] couple together 

semantic and instance segmentation networks for pixel 

labelling. Terrace [6] and SibNet [7] train end-to-end 

multi-task neural networks for simultaneous instance 

counting and segmentation. HTC [2] and DSC [8] 

interleave the semantic and instance mask generation 

sequentially for progressive fine-tuning of results. 

Despite excellent performances reported by these 

approaches on various object datasets, it remains 

challenging to strike a balance between speed, 

segmentation and recognition accuracy in practice. 

In general, using real-time detectors such as 

Yolact++ [12] can yield speedy and satisfactory 

performance. Nevertheless, when applying to domain-

specific objects, such as curved text [13] and food [6], the 

accuracy is suboptimal as reported in [7], [14]. This is 

mainly due to reasons such as the complex shape and 

structure of an object, which cannot be represented with a 

generic regular box, resulting in sub-optimal performance 

of general object detectors [15], [16]. Fig. 1 shows some 

examples of food where different dishes and their 

instances are crowdedly stacked. This causes the shape of 

an instance to appear arbitrary due to occlusion and the 

shape being distorted due to perspective difference. In the 

literature, the problem is addressed by predicting the 

centroids of instances and carefully pushing their 

territories outward pixel-by-pixel until reaching the most 

plausible boundary pixels [4], [5]. Such box-free 

approaches are more robust to densely placed objects as 

demonstrated in [6], [17] for curved text and multi-dish 

food datasets. Nevertheless, these approaches are either 

computationally slow (e.g., Deep watershed [4]) or 

consider only class-agnostic instance segmentation 

without classification (e.g., TextMountain [17], SibNet 

[7]). 

In this paper, we investigate a network 

architecture peculiar to counting, segmentation and 

recognition of food instances on a plate. Particularly, the 

speed is targeted to be in real-time, processing at least 30 

images per second. We envision such a network to be 

used for personalized food logging in a free-living 

environment and the batch processing of images for food 

packaging and delivery. Fig. 2 shows a plot of speed 

efficiency versus segmentation quality, which is split into 

four divisions based on a benchmark of 30 frames-per-

second and 57% of panoptic quality [18]. FoodMask is 

one of the few networks that 
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����������	
����	��
�����
�������

�

������������� !�̂̀I-'4N.#(/."#$&)%#-"$%"A)$(+I((3J&.?>/#-%#-.%(@2(.$3(+"#)$$1)&,%#$.+()-,."&,%$%(A,"-,'>.$'@$,"&"-(,>&,3)$%(',-"-(,4B#$.#&)$31&%?1(,$(+"#$.$1)&,%#$.-.&I$&"A)$M*)&@-3a$"/()?KIMaL6NT8"#&"2)(%$..$.&,-,2A"-@&'$(+.-P$b cd /-"#%(,FE(0A"-(,.&"@A0"-20$.%&0$.(+)$.(0A"-(,4B#$)$.A0"-,'+$&"A)$.&"3-++$)$,".%&0$.&)$$,%(3$3-,"(&efghicbjkcdjk+$&"A)$@&2(+fgh%#&,,$0.+().$@&,"-%.$'@$,"&"-(,6NV84:&%#%#&,,$00&1$0."#$2-G$0.1$0(,'-,'"((,$(+f+((3%&"$'()-$.1$-,'%(,.-3$)$34D,&33-"-(,&0%#&,,$0-.$,%(3$3+()"#$0&1$00-,'(+1&%?')(A,3(),(,F+((32-G$0.4B#$+$&"A)$@&2-.0$E$)&'$31*"#$%(A,"-,'"&.?"(2)(3A%$&3-.")-1A"-(,(+%(A,".-,3-%&"-,'"#$,A@1$)(+-,."&,%$.2$)%&"$'()*-,&,-@&'$4J$&,/#-0$>3$%(,E(0A"-(,-.2$)+()@$3"(A2F.&@20$"#$+$&"A)$@&21*+(A)"-@$.E-&1-0-,$&)-,"$)2(0&"-(,"((1"&-,&.$@&,"-%.2&%$>3$,("$3&.l>(+"#$()-'-,&0-@&'$.-P$>-4$4>efghicbcd4B#$.$@&,"-%.2&%$.$)E$.&.-,2A"+()"#$"&.?.(+.$@&,"-%&,3-,."&,%$.$'@$,"&"-(,>/#-%#2)(3A%$.$@&,"-%&,3-,."&,%$0&1$0.>)$.2$%"-E$0*>+()$E$)*2-G$0-,&,-@&'$4m�n�oppqrp���s��;(A,"-,'2)(3A%$.&E$%"()tuvf "($,A@$)&"$%&"$'()*F/-.$-,."&,%$.4w$3$.-',&.-@20$%(,E(0A"-(,,$"/()?/-"#"#)$$3(/,F.&@20-,'."&'$."(")&,.+()@$&%#%#&,,$0(+"#$IMa(A"2A">-4$4>efghicbjkcdjk>"(&+$&"A)$@&2&"Sxy.%&0$4:&%#."&'$%(,.-.".(+&NcN%(,E(0A"-(,>1&"%#,()@>z${|>&,3}c1-0-,$&)3(/,F.&@20-,'4B#$%(,E(0A"-(,&0@(3A0$-.+(00(/$31*&,&E$)&'$2((0-,'"((A"2A"&.-,'0$+0(&"-,'E&0A$4<*)$2$&"-,'"#-.2)(%$..+()&00"#$f%#&,,$0.>"#$E$%"()t(+0$,'"#f-.+()@$3>/#$)$$&%#E&0A$t~>~u�h�f�>)$+0$%"."#$,A@1$)(+-,."&,%$.$,A@$)&"$3+()&+((3%&"$'()*45$,("$t��~&,3�t��~&."#$2)$3-%"$3&,3&%"A&0%(A,".(+&%&"$'()*~-,"#$

�"#-@&'$.&@20$>/$$@20(*"#$@$&,.CA&)$$))()0(..+A,%"-(,"((2"-@-P$"#$%(A,"-,'.A1F,$"/()?&.+(00(/-,'��������h�f~�het��~��t��~i}�f KSL/#$)$�-."#$"("&0,A@1$)(+")&-,-,'.&@20$.4m������ ��sr������� �sp�w$+(00(/6NV8/#-%#2)(2(.$."(A.$IMa&.&1&%?1(,$&,30$&),&.$@&,"-%.2&%$l"#&"$,%(3$."#$%&"$'()*3-.")-1A"-(,&"$E$)*2-G$0492$%-+-%&00*>3$,("$�uvfgh&.&E$%"()2(.-"-(,-,'&"2-G$0Kb��d�L&0(,'"#$%#&,,$03-@$,.-(,(+l4B#$E$%"()�%&2"A)$."#$%&"$'()*3-.")-1A"-(,(+&2-G$0>/#$)$-".$0$@$,"�~+()+((3%&"$'()*~#&."#$+(00(/-,'"#)$$2)(2$)"-$.�KSLB#$2)(1&1-0-"*+()&%&"$'()*~���~�� ��~��f~����~ KWLKWLB#$%0&..-+-%&"-(,3$%-.-(,+()~�-..A1U$%"$3"(�~��&)'@&G~u���f��~ KNLKNLB#$.$@&,"-%0(..+A,%"-(,-.&,$'&"-E$0('F0-?$0-#((3(,"#$')(A,3F")A"#%&"$'()*�~��������e��~i K7L<&.$3(,:C4K7L>%)(..F$,")(2*0(..-.@$&.A)$31*.A@@-,'"#$.$@&,"-%0(..$.(E$)bcd 2-G$0.(+"#$�")&-,-,'.&@20$.>&.+(00(/.��������l������bd K=LH"-./()"#,("-,'"#&""#$.$@&,"-%E$%"()� $,U(*."#$%#&)F&%"$)-."-%(+.%&0$-,E&)-&,%$492$%-+-%&00*>"#$&+()$@$,"-(,$3"#)$$2)(2$)"-$.&)$,("&++$%"$31*"#$'0(1&0.%&0-,'(+E&0A$&%)(..&00E$%"()$0$@$,".�~4I()$G&@20$>1*&33-,'&%(,."&,"E&0A$�>"#$2)(1&1-0-"*3-.")-1A"-(,(+&%&"$'()*)$@&-,."#$.&@$��~��� ��g�~��f~����g�~� ����~��f~������~� ��~��f~����~��~� KTLB#-..%&0$F-,E&)-&,"%#&)&%"$)-."-%/-001$0$E$)&'$3+()"#$$."-@&"-(,(+"#$-,."&,%$#$-'#"@&2>/#-%#/-001$+A)"#$)$0&1()&"$3-,"#$,$G".$%"-(,4m�m�oppqs��� �r���s���� �5-++$)$,"+)(@.$@&,"-%.$'@$,"&"-(,>"#$-,."&,%$#$-'#"@&2&-@."(0&1$0-,3-E-3A&0+((3-,."&,%$.4w-"#)$+$)$,%$"(I-'47>"#$2-G$0.-,"#$+(A)2-$%$.(++)-$3+-.#&)$.$2&)&"$0*0&1$00$349$2&)&"-,'+((3-,."&,%$.(+"#$.&@$+((3%&"$'()*>,$E$)"#$0$..>-.%#&00$,'-,'&."#$.$-,."&,%$..#&)$.-@-0&)E-.A&0&22$&)&,%$49-@-0&)"("#$B$))&%$@(3$06T8>/$@(3$0"#$2-G$0.-,&,-,."&,%$1&.$3(,"#$-).2&"-&03-.F"&,%$."("#$-,."&,%$1()3$)492$%-+-%&00*>"#$2-G$0.%$,")&00*0(%&"$3-,&,-,."&,%$/-00#&E$#-'#$)E&0A$./#-0$"#$2-G$0.%0(.$)"("#$1()3$)/-00#&E$0(/$)E&0A$.4B#-.+()@.&��#$-'#"��@&2-,"A-"-E$0*3$2-%"-,'3-++$)$,"0$E$0.(+%#&00$,'$-,0&1$00-,'>/#$)$2-G$0.%0(.$)"("#$1()3$)/-00#&E$#-'#$)A,%$)"&-,"*-,0&1$00-,'3$%-.-(,.4D..#(/,-,I-'47>"#$#$-'#"@&2E-.A&0-P$.2$&?.%())$.2(,3-,'"(%$,")(-3)$'-(,.(+3-++$)$,"-,."&,%$.>/#-%#&)$.$)E$3&.��.$$3.��"(1$0$E$)&'$31*"#$0&1$00-,'&0'()-"#@K9$%"-(,N47L+())$'-(,')(/-,'(+"#$-))$.2$%"-E$-,."&,%$.45$,("$��uvbcd &."#$')(A,3F")A"#+((3-,."&,%$#$-'#"@&2/#-%#/-001$%(,.")A%"$3&.+(00(/.4�,$E$)*2-G$0(+&,-@&'$>/$&..-',&3-."&,%$E&0A$>3$,("$3&.� �¡>-,3-%&"-,'"#$@-,-@A@,A@1$)(+2-G$0.1$-,'")&E$).$3+)(@"#$%A))$,"2-G$02(.-"-(,e �¡i"(&2-G$01$0(,'-,'"(1&%?')(A,3()&3-++$)$,"-,."&,%$(++((34w$



����������	
����	��
�����
�������

�

������������� !�
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ghi_d_(),***N0/+G*39GGj3:,0:91U:)*91:*,/*590:*,*3jG:3.-4..56037k912Gj591U2.j1:91U+,*592:9.1k3*/01:923*U/*1:0:9.1015913:012*/0+U*1*,0:9.1D

ghi_̂ _()*2)01U*.-MO32.,*32./+0,*5:.lmnop.H*,59--*,*1:1j/C*,.-2.1:.j,G*H*G391qGU.,9:)/JD<.:*:)0::)*.,9U91933*::.I@kr>D>JL-.,:)**03*.-H93j0G9s0:9.1D4.,MOk8)92)033*33*3+9N*G[G*H*G3*U/*1:0:9.1tj0G9:uk.H*,8*9U):91Uvw I2.j1:91UL.,vx I3*/01:923*U/*1:0:9.1L89GGG97*Gu5*U,05*:)*+*,-.,/012*03915920:*5Cu:)*,*3jG:3.1:)*QRS0154..5T*UJ>@50:03*:3Dy�z�{���|}�~��������~!���!�F1qGU.,9:)/Jk:)*1j/C*,.-2.1:.j,G*H*G3klmnk933*::.C*:)*H0Gj*.-�:.2./+,./93*:)*:,05*.--C*:8**1/.5*GG91U*--929*12u015G.20G9s0:9.1+,*2939.1D49UDV3).83:)**--*2:.-:)93+0,0/*:*,02,.3359--*,*1:,01U*3.-H0Gj*DF1U*1*,0Gk:)*2)01U*.-lmnH0Gj*,*3jG:391>D>@K.-+*,-.,/012*-Gj2:j0:9.1DM,02:920GGuk3*::91U:)*,01U*.-H0Gj*389:)91�����930U..52./+,./93*C*:8**13+**5015022j,02u0G:).jU)lmnon�0++*0,3:.C*01.+:9/0GH0Gj*91:)**N+*,9/*1:Dy�z��������~�} ��}����*2.1:,03::)*+*,-.,/012*3.-C027C.1*/.5*G3+,*[:,091*5.1:)*U*1*,0G[+j,+.3*50:03*:IF/0U*<*:?X>BL015:)*-..5[3+*29-9250:03*:3I4..5[J>J?XJBk4..5Z\?XZBLDF/0U*<*:?X>B2./+,93*30H03:2.GG*2:9.1.-.H*,J>>k>>>.C�*2:20:*U.,9*3k89:)010H*,0U*.-J>>>G0C*GG*59/0U*3+*,20:*U.,uDF12.1:,03:k4..5[J>J2.1393:3.-J>J-..520:*U.,9*3k*02)022./+019*5CuJ>>>9/0U*3D4..5Z\930

G0,U*50:03*:89:)Z>>>20:*U.,9*3015.H*,J/9GG9.19/0U*3D(0CG*X+,*3*1:3:)*+*,-.,/012*3.-4..56037j391UC027C.1*3+,*[:,091*5.1:)*3*50:03*:3D<.:*:)0::)*3*+,*[:,091*5/.5*G30,*-j,:)*,-91*[:j1*5j391U.j,-..550:03*:3DF1(0CG*Xk��32,0:2)��,*-*,3:.:)*/.5*G:,091*5j391U.1*.-.j,50:03*:3-,./ 32,0:2)89:).j:j391U0+,*:,091*5/.5*GD()*,*3jG:33).8:)0:j391U+,*[:,091*5/.5*G32019/+,.H*39U19-9201:Gu0/.5*G:,091*5-,./ 32,0:2)D4j,:)*,/.,*k:)*/.5*G3+,*[:,091*5.1-..5[3+*29-9250:03*:3*N)9C9:C*::*,+*,-.,/012*:)01:)*/.5*G+,*[:,091*589:):)*U*1*,0G[+j,+.3*50:03*:Dy�����~��~| �����|� ~�����*2./+0,*4..56037I.+:9.1SL:.-.j,/0�.,C,012)*3.-0+[+,.02)*3k9D*Dk,*U,*339.12.j1:91UI89:).j:G.20G9s0:9.1Lk.C�*2:5*[:*2:9.1I89:)C.j1591UC.NLk+,.+.30G[C03*5015+,.+.30G[-,**91[3:012*3*U/*1:0:9.1D4.,2.j1:91Uk8*2./+0,*3jC9:9s91U?X@Bk391UG*[:037?Z>B015/jG:9[:0372.j1:91UDTjC9:9s91U?X@B+,02:92*3059H95*0152.1tj*,3:,0:*Uu8)92)G*0,13:.U*1*,0:*0U,95/0+8)*,**02)U,952*GG+,*592:30-,02:9.1.-913:012*-.,*H*,u-..520:*U.,uDq/.,*3:,09U):-.,80,50++,.02)93Cu:,09191U0,*U,*339.1[C03*5S<<-.,:)*391UG*[:037.-2.j1:91U?Z>BD()*S<<201C**N:*15*5-.,/jG:9+G*[:0372.j1:91UCu)0H91U010559:9.10GC,012)-.,3*/01:92.,913:012*3*U/*1:0:9.1DF1:)**N+*,9/*1:k8*9/+G*/*1::)*391UG*[:0372.j1:[91Uj391U:)*30/*0,2)9:*2:j,*03:)*/jG:9[G0C*G,*2.U19:9.1/.5*G91?Z>BD()*/jG:9[:0372.j1:91U939/+G*/*1:*539/9G0,GuC03*5.1:)*:8.[C,012)0,2)9:*2:j,*-.,2.j1:91U0153*/01:923*U/*1:0:9.13914..56037DEC�*2:5*:*2:9.1:*2)19tj*3IS;[<*:?ABk4SET?JWBLG.20G9s*913:012*389:)C.j1591UC.N*3DQ391U403:*,;[S<<?J=B8)92)930:8.[3:0U*5*:*2:.,kS;[<*:?AB/.5*G3:)*2.[.22j,,*12*.-593)*3.10+G0:*89:)02.1:*N:U,0+)-.,20:*U.,u+,*592:9.1D4SET?JWB930.1*[3:0U*.C�*2:5*:*2:.,k09/91U:.+*,-.,/-03:*,Cu:)*,*/.H0G.-;*U9.10GM,.+.30G<*:8.,791?J=B015C*::*,CuG*0,191U02*1:,*[1*33/037:.3j++,*33G.8[tj0G9:u5*:*2:9.13DM,.+.30G[C03*5913:012*3*U[/*1:0:9.1/*:).53I6037;[S<<?JBkS*1:*,6037?@Bk�.G02:��?JZBk�E�EHY?XXBk�(S?ZBkPTS?YBL*N:*15.C�*2:5*:*2:9.1:.+*,[-.,/ 913:012*3*U/*1:0:9.1D6037;[S<<?JB015S*1:*,6037?@B0553*U/*1:0:9.13jC[1*:8.,73:.403:*,;[S<<?J=B0154SET?JWB,*3+*2:9H*GuD�(S?ZB015PTS?YB-j,:)*,91:,.5j2*203205*/.5jG*3-.,+,.U,*339H*,*-91*/*1:.-913:012*3*U/*1:0:9.1D�.G02:��?JZB+,.+.3*30-03:1.1[/0N9/j/3j++,*339.10GU.,9:)/k0G.1U89:):)*/037,*[32.,91U0155*-.,/0CG*2.1H.Gj:9.11*:8.,73k-.,,*0G[:9/*913:012*3*U/*1:0:9.1D6037Z4.,/*,?ZVB930j19H*,30G0,2)9:*2:j,*:.



����������	
����	��
�����
�������

�
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	FoodMask: Real-time food instance counting, segmentation and recognition
	Citation

	tmp.1701745542.pdf.0HgRn

