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AHstヴaIt 
 

Iﾐtelligeﾐt Ultヴasouﾐd is a Ioﾏpaﾐ┞ that deals ┘ith a laヴge ┗aヴiet┞ of ultヴasouﾐd ヴelated pヴoduIts, 
aiﾏiﾐg to ﾏake ultヴasouﾐd siﾏpleヴ to use aﾐd easieヴ to leaヴﾐ, ┘hile suppoヴiﾐg IliﾐiIiaﾐs iﾐ theiヴ 
pヴaIiIe. This is doﾐe thヴough the use of Iuiﾐg edge AI iﾏage aﾐal┞sis sot┘aヴe. Iﾐtelligeﾐt 
Ultヴasouﾐd ha┗e aIケuiヴed a laヴge dataset of laHelled luﾐg ultヴasouﾐd iﾏages, aﾐd ha┗e allo┘ed us 
aIIess to the dataset aloﾐg ┘ith theiヴ GPU Ilusteヴ oﾐ ┘hiIh to tヴaiﾐ a deep leaヴﾐiﾐg ﾏodel. This 
pヴojeIt ┘ill iﾐ┗esigate the use of U-NET ﾏodel aヴIhiteItuヴes iﾐ peヴfoヴﾏiﾐg a pi┝el┘ise iﾏage 
segﾏeﾐtaioﾐ iﾐ ﾐeaヴ ヴeal iﾏe.  

This aヴea of ﾏediIal ultヴasouﾐd has e┝peヴieﾐIed e┝tヴa iﾐteヴest ateヴ the Co┗id-ヱΓ paﾐdeﾏiI, ┘heヴe 
IliﾐiIiaﾐs aヴe ﾏoヴe likel┞ to eﾐIouﾐteヴ paieﾐts ┘ith luﾐg issues. Theヴe aヴe se┗eヴal soluioﾐs to siﾏilaヴ 
Ioﾏputeヴ ┗isioﾐ tasks, aﾐd this pヴojeIt ┘ill uilise U-NET. This is oﾐe of the ﾏost estaHlished 
teIhﾐiケues iﾐ ﾏediIal iﾏage segﾏeﾐtaioﾐ, aﾐd ┘e ┘ill foIus oﾐ ho┘ this ﾏa┞ He applied to luﾐg 
ultヴasouﾐd iﾏages. This pヴojeIt ┘ill ateﾏpt to segﾏeﾐt the iﾏage iﾐ ﾐeaヴ ヴeal iﾏe oﾐ ﾏodest 
haヴd┘aヴe iﾐ oヴdeヴ to ﾏost efeIi┗el┞ aid a IliﾐiIiaﾐ iﾐ ideﾐif┞iﾐg the IヴiiIal ultヴasouﾐd aヴtefaIts, 
aﾐd ﾏakiﾐg aﾐ aIIuヴate diagﾐosis to ﾏa┝iﾏise leaヴﾐiﾐg iﾐ the Iase of tヴaiﾐiﾐg, aﾐd paieﾐt Iaヴe iﾐ the 
Iase of IliﾐiIal suppoヴt.  

Thヴough use of the pヴo┗ided dataset, se┗eヴal ﾏodels ┘eヴe tヴaiﾐed ┘ith the assistaﾐIe of the 
Iﾐtelligeﾐt Ultヴasouﾐd GPU Ilusteヴ, iﾐ aﾐ ateﾏpt to pヴoduIe a good IlassiiIaioﾐ ﾏodel. Addiioﾐal 
use of the Opeﾐ Neuヴal Net┘oヴk E┝Ihaﾐge liHヴaヴ┞ eﾐsuヴed that aﾐ┞ ﾏodel Iould pヴoduIe a 
IlassiiIaioﾐ iﾐ suiIieﾐt iﾏe iﾐ oヴdeヴ to He poteﾐiall┞ applied iﾐ a IliﾐiIal seiﾐg oﾐ ﾏodest 
haヴd┘aヴe.  

The ﾏodels tヴaiﾐed sho┘ed aﾐ iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ ┗alue of o┗eヴ ヰ.Β aIヴoss all Ilasses oﾐ a 
ヴaﾐdoﾏl┞ seleIted ┗alidaioﾐ dataset. Iﾐ paヴiIulaヴ, Efusioﾐs aﾐd Coﾐsolidaioﾐs ┘eヴe Ilassiied ┘ith 
┗eヴ┞ high aIIuヴaI┞ of o┗eヴ ヰ.Γヵ iﾐ the Hest ﾏodels. B-Liﾐes aﾐd Pleuヴa ┘eヴe segﾏeﾐted ┘ith 
aIIuヴaI┞ of aヴouﾐd ヰ.Βヵ, ┘hile ‘iHs aﾐd A-Liﾐes oHtaiﾐed ヴesults of Het┘eeﾐ ヰ.Α aﾐd ヰ.Αヵ oﾐ the Hest 
peヴfoヴﾏiﾐg ﾏodels. Ho┘e┗eヴ oﾐ a holdout set of seleIted paieﾐts, the ﾏodel sho┘ed sigﾐs of 
o┗eヴiiﾐg ┘ith a ┘oヴse o┗eヴall peヴfoヴﾏaﾐIe. I ha┗e also ideﾐiied aヴeas iﾐ ┘hiIh fuヴtheヴ ヴeseaヴIh is 
likel┞ to ┞ield to a Heteヴ ﾏodel peヴfoヴﾏaﾐIe, ┘heヴe I ┘as ﾐot aHle to iﾐ┗esigate duヴiﾐg the Iouヴse 
of this pヴojeIt due to iﾏe Ioﾐstヴaiﾐts.  

O┗eヴall this pヴojeIt has suIIeeded iﾐ sho┘iﾐg that U-NET Iaﾐ He applied suIIessfull┞ to segﾏeﾐiﾐg 
luﾐg ultヴasouﾐd iﾏages H┞ tヴaiﾐiﾐg oﾐ the Iﾐtelligeﾐt Ultヴasouﾐd dataset. The iﾐfeヴeﾐIe iﾏe of the 
ﾏodel is e┝peIted to He lo┘ eﾐough to segﾏeﾐt iﾏages iﾐ ﾐeaヴ ヴeal iﾏe, allo┘iﾐg it to He deplo┞ed 
iﾐ a IliﾐiIal seiﾐg. Ho┘e┗eヴ, the usefulﾐess of the ﾏodel to aﾐ e┝peヴieﾐIed IliﾐiIiaﾐ oヴ to oﾐe is 
tヴaiﾐiﾐg is sill uﾐkﾐo┘ﾐ, aﾐd ﾏa┞ ヴeケuiヴe fuヴtheヴ adjustﾏeﾐts.  is aﾐ aヴea foヴ futuヴe ヴeseaヴIh. 
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IﾐtヴoduIioﾐ 

 

Iﾏage Segﾏeﾐtaioﾐ 

Iﾏage segﾏeﾐtaioﾐ is oﾐe of the ﾏost Ioﾏple┝ aヴeas ┘ithiﾐ the ield of Ioﾏputeヴ ┗isioﾐ, the 
pヴoIesses H┞ ┘hiIh a ﾏaIhiﾐe Iaﾐ ideﾐif┞ aﾐd iﾐteヴpヴet ﾏeaﾐiﾐgful iﾐfoヴﾏaioﾐ fヴoﾏ Ioﾏple┝ 
iﾏages. Befoヴe the ad┗eﾐt of deep leaヴﾐiﾐg teIhﾐiケues, this ┘as alﾏost aﾐ iﾏpossiHle task. The 
iﾐtヴoduIioﾐ of ﾐeuヴal ﾐet┘oヴks ho┘e┗eヴ, has ヴe┗oluioﾐised the ield. SeﾏaﾐiI iﾏage segﾏeﾐtaioﾐ 
is the pヴoIess of di┗idiﾐg a ヴegioﾐ iﾐto aヴeas Hased oﾐ a pヴedeiﾐed laHel, ┘ith eaIh iﾐdi┗idual pi┝el 
Heloﾐgiﾐg to a speIiiI Ilass. 

Withiﾐ a ﾏediIal Ioﾐte┝t this Iould He difeヴeﾐt oヴgaﾐs, t┞pes of tuﾏouヴs, oヴ otheヴ ヴele┗aﾐt featuヴes 
foヴ paieﾐt diagﾐosis. These ヴegioﾐs Iaﾐ theﾐ He Ioﾐsideヴed foヴ fuヴtheヴ aﾐal┞sis H┞ a ﾏediIal 
pヴaIiioﾐeヴ, to Ioﾐiヴﾏ the IoヴヴeItﾐess of the segﾏeﾐtaioﾐ aﾐd aid iﾐ the o┗eヴall diagﾐosis. O┗eヴall 
this e┝pediates the e┝aﾏiﾐaioﾐ iﾏe, aﾐd ヴeduIes the ヴisk of huﾏaﾐ eヴヴoヴ. Addiioﾐall┞, 
segﾏeﾐtaioﾐ teIhﾐiケues Iaﾐ aIt as a po┘eヴful tヴaiﾐiﾐg tool. B┞ eﾐaHliﾐg iﾐe┝peヴieﾐIed IliﾐiIiaﾐs to 
Heteヴ uﾐdeヴstaﾐd aﾐatoﾏiIal stヴuItuヴes aﾐd gaiﾐ IoﾐideﾐIe iﾐ iﾐteヴpヴeiﾐg iﾏages, tヴaiﾐees 
e┝peヴieﾐIe a ケuiIkeヴ uptake of kﾐo┘ledge.  

With the iﾐtヴoduIioﾐ of ﾐeuヴal ﾐet┘oヴks, segﾏeﾐtaioﾐ is ﾐo┘ easieヴ thaﾐ e┗eヴ Hefoヴe. Se┗eヴal 
difeヴeﾐt aヴIhiteItuヴes ofeヴ pヴoﾏisiﾐg ヴesults foヴ segﾏeﾐiﾐg a ┘ide ヴaﾐge of iﾏages. Fiヴst pヴoposed 
iﾐ ヲヰヱヵ, U-NET is oﾐe of the ﾏost loﾐg staﾐdiﾐg aﾐd suIIessful ﾏodels ┘ithiﾐ the ield of ﾏediIal 
iﾏage segﾏeﾐtaioﾐ, aﾐd has Heeﾐ uilised aIヴoss the ield ┘ith gヴeat ヴesults. The stヴuItuヴe Ioﾐsists 
of a IoﾐtヴaIiﾐg path aﾐd e┝paﾐdiﾐg path, gi┗iﾐg it the disiﾐIi┗e けUげ shape. Iﾐ geﾐeヴal, the 
IoﾐtヴaIiﾐg path Iaptuヴes Ioﾐte┝t iﾐ oヴdeヴ to Ilassif┞ the iﾏage laHels, ┘heヴeas the e┝paﾐdiﾐg path 
gi┗e the segﾏeﾐtaioﾐ the IoヴヴeIt loIalisaioﾐ of the Ilasses. Oﾐe of the ke┞ featuヴes of U-NET is iﾐ its 
skip IoﾐﾐeIioﾐs, ┘heヴe difeヴeﾐt la┞eヴs of the e┝paﾐdiﾐg aﾐd IoﾐtヴaIiﾐg paths aヴe IoﾐﾐeIted iﾐ 
oヴdeヴ to pヴeseヴ┗e the spaial iﾐfoヴﾏaioﾐ, ヴesuliﾐg iﾐ a ﾏoヴe aIIuヴate segﾏeﾐtaioﾐ. O┗eヴall this 
lea┗es U-NET as aﾐ e┝Ielleﾐt iﾐiial IhoiIe foヴ segﾏeﾐiﾐg luﾐg ultヴasouﾐds.  

MediIal PヴaIiIe  

B┞ ﾏakiﾐg pヴediIioﾐs aﾐd ideﾐif┞iﾐg ヴisks, ﾏaIhiﾐe leaヴﾐiﾐg teIhﾐologies ha┗e ﾏade a huge 
IoﾐtヴiHuioﾐ to ﾏediIal Iaヴe. The poteﾐial to ﾏiigate oヴ e┗eﾐ ヴeﾏo┗e huﾏaﾐ eヴヴoヴ fヴoﾏ deIisioﾐ 
ﾏakiﾐg Iould ┗astl┞ iﾏpヴo┗e paieﾐt Iaヴe. The ﾏost ad┗aﾐIed ﾏediIal diagﾐosiI s┞steﾏs oteﾐ 
peヴfoヴﾏ oﾐ paヴ ┘ith oヴ Heteヴ thaﾐ e┝peヴieﾐIed pヴofessioﾐals, aﾐd Iould Hヴiﾐg the saﾏe le┗el of Iaヴe 
to all paieﾐts, e┗eﾐ those ┘heヴe ﾏediIal e┝peヴise is ﾐot iﾏﾏediatel┞ a┗ailaHle.  

The ﾏediIal ield is Iuヴヴeﾐtl┞ e┝peヴieﾐIiﾐg a ヴapid tヴaﾐsfoヴﾏaioﾐ iﾐ deli┗eヴiﾐg paieﾐt Iaヴe, ┘ith the 
Co┗id-ヱΓ paﾐdeﾏiI iﾐiiaiﾐg a ヴadiIal adopioﾐ of digital teIhﾐologies. AI is ﾐo difeヴeﾐt, ┘ith Βン% of 
healthIaヴe leadeヴs plaﾐﾐiﾐg to iﾐ┗est iﾐ AI iﾐ the ﾐe┝t thヴee ┞eaヴs, aﾐd ンΓ% plaﾐﾐiﾐg to diヴeItl┞ iﾐ┗est 
iﾐ AI to suppoヴt IliﾐiIal deIisioﾐ ﾏakiﾐg. 

We Iaﾐ IoﾐIlude that the ヴole of ﾏaIhiﾐe leaヴﾐiﾐg ┘ithiﾐ healthIaヴe is e┗ol┗iﾐg, aﾐd theヴe is a 
sigﾐiiIaﾐt iﾐIヴease iﾐ deﾏaﾐd foヴ tools to suppoヴt ﾏediIal aﾐal┞sis. Iﾐ addiioﾐ, theヴe is a geﾐeヴal 
Helief that the use of tools suIh as the oﾐe pヴoposed ┘ill lead to Heteヴ health outIoﾏes ┘ithiﾐ the 
iﾐdustヴ┞.  
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Moi┗aioﾐ 

Cuヴヴeﾐtl┞ aﾐ┞ luﾐg ultヴasouﾐds ﾏust He ﾏaﾐuall┞ iﾐteヴpヴeted H┞ a tヴaiﾐed ﾏediIal pヴofessioﾐal. This 
is Hased oﾐ けﾏasteヴ┞ leaヴﾐiﾐgげ, aﾐd is hea┗il┞ depeﾐdeﾐt oﾐ the skill of the opeヴatoヴ, as ┘ell as the 
le┗el of tヴaiﾐiﾐg ヴeIei┗ed. This skill le┗el is ﾐot easil┞ ataiﾐaHle, aﾐd theヴe is ﾐo agヴeeﾏeﾐt oﾐ the 
ﾏost efeIi┗e tヴaiﾐiﾐg ﾏethods. IﾐIoヴヴeItl┞ ideﾐif┞iﾐg aﾐatoﾏ┞ thヴough a sIaﾐ Iaﾐ lead to paieﾐt 
ﾏisdiagﾐosis, aﾐd pooヴeヴ health outIoﾏes. A high ケualit┞ ﾏodel has the poteﾐial to ヴeduIe the 
difeヴeﾐIe Het┘eeﾐ paieﾐt outIoﾏes foヴ ﾏoヴe aﾐd less skilled IliﾐiIiaﾐs H┞ aIiﾐg as a Io-pilot, 
eﾐsuヴiﾐg that a Ioﾐsisteﾐt staﾐdaヴd of luﾐg aヴtefaIts aヴe ideﾐiied H┞ the ﾏaIhiﾐe foヴ the IliﾐiIiaﾐ to 
e┝aﾏiﾐe.  

B┞ iﾏpヴo┗iﾐg paieﾐt diagﾐoses, ┘e Iaﾐ opiﾏise tヴeatﾏeﾐt plaﾐs aﾐd iﾏpヴo┗e the health of those 
┘ith ヴespiヴatoヴ┞ Ioﾐdiioﾐs. O┗eヴall this pヴojeIt Iould iﾏpヴo┗e paieﾐt Iaヴe foヴ ヴespiヴatoヴ┞ illﾐesses 
H┞ iﾏpヴo┗iﾐg the aHilit┞ of IliﾐiIiaﾐs to ﾏake aﾐ aIIuヴate diagﾐosis. Fuヴtheヴﾏoヴe, aﾐ aIIuヴate tool 
┘ould ヴeduIe the stヴaiﾐ oﾐ the healthIaヴe s┞steﾏ H┞ iﾐIヴeasiﾐg the pヴoduIi┗it┞ of IliﾐiIiaﾐs as ┘ell 
as ヴeduIiﾐg the ﾐuﾏHeヴ of seヴious illﾐesses that Iould He Iaused H┞ ﾏisdiagﾐosis. Aﾐotheヴ ヴesult 
┘ould He a ヴeduIioﾐ iﾐ the use of ﾏoヴe iﾐ┗asi┗e ﾏediIal pヴoIeduヴes suIh as M‘I if ┘e aヴe aHle to 
oHtaiﾐ a good segﾏeﾐtaioﾐ of the luﾐg ┗ia oﾐl┞ ultヴasouﾐd.  

Ultヴasouﾐd AヴtefaIts 

Ultヴasouﾐd iﾏages aiﾏ to Iaptuヴe a ヴaﾐge of featuヴes that aヴe useful iﾐ aidiﾐg paieﾐt Iaヴe. This is 
doﾐe ┘ith the use of a sﾏall pヴoHe, ┘hiIh eﾏits high fヴeケueﾐI┞ souﾐd ┘a┗es. Wheﾐ the┞ eﾐIouﾐteヴ 
paヴts of the huﾏaﾐ Hod┞, the┞ HouﾐIe aヴouﾐd Iヴeaiﾐg a uﾐiケue eIho Hased oﾐ the oHjeIt 
eﾐIouﾐteヴed. This ヴesults iﾐ a gヴe┞sIale iﾏage Heiﾐg pヴoduIed, ヴepヴeseﾐiﾐg the iﾐteヴﾐal Hodil┞ 
stヴuItuヴe.  

Coﾏpaヴed to otheヴ t┞pes of ﾏediIal sIaﾐs, ultヴasouﾐd ofeヴs ﾐuﾏeヴous ad┗aﾐtages o┗eヴ otheヴ 
ﾏediIal iﾏagiﾐg teIhﾐiケues. It is ﾐoﾐ-iﾐ┗asi┗e aﾐd does ﾐot iﾐ┗ol┗e ioﾐisiﾐg ヴadiaioﾐ, ﾏakiﾐg it safeヴ 
foヴ ヴepeated use. Ultヴasouﾐd iﾏagiﾐg is highl┞ ┗eヴsaile, aﾐd Iaﾐ Iaptuヴe a ヴaﾐge of iﾏages iﾐ ヴeal 
iﾏe, pヴo┗idiﾐg aﾐ iﾐsight iﾐto d┞ﾐaﾏiI Hodil┞ fuﾐIioﾐs. Addiioﾐall┞, the poヴtaHilit┞ of ultヴasouﾐd 
pヴoHes allo┘s foヴ Hedside oヴ poiﾐt of Iaヴe appliIaioﾐs. This Iaﾐ He espeIiall┞ useful if the paieﾐt is 
sufeヴiﾐg fヴoﾏ aﾐ iﾐfeIious disease suIh as Co┗id-ヱΓ, ┘heヴeH┞ ﾏo┗iﾐg theﾏ Iould iﾐIヴease poteﾐial 
e┝posuヴe. Fuヴtheヴﾏoヴe, ultヴasouﾐd is Iost-efeIi┗e Ioﾏpaヴed to alteヴﾐai┗es like M‘I oヴ CT sIaﾐs, 
ﾏakiﾐg it aﾐ e┝Ielleﾐt IhoiIe foヴ ヴouiﾐe sIaﾐs aﾐd diagﾐosiIs. 

Luﾐg ultヴasouﾐds is eﾏeヴgiﾐg as a po┘eヴful tool iﾐ ヴespiヴatoヴ┞ ﾏediIiﾐe. With the oﾐset of Co┗id-ヱΓ, 
paieﾐts aヴe ﾏoヴe likel┞ to pヴeseﾐt ┘ith luﾐg ヴelated illﾐesses that ヴeケuiヴe ケuiIk aﾐd iﾐe┝peﾐsi┗e Iaヴe 
iﾐ oヴdeヴ to peヴfoヴﾏ a diagﾐosis.  

We ﾏust also uﾐdeヴstaﾐd ┘hat is ﾏost iﾏpoヴtaﾐt to deIisioﾐ ﾏakiﾐg. Although theヴe aヴe a ヴaﾐge of 
aヴtefaIts that aヴe useful iﾐ luﾐg ultヴasouﾐd aﾐal┞sis, theヴe aヴe fouヴ IヴiiIal featuヴes: A-liﾐes, B-liﾐes, 
Pleuヴa aﾐd Coﾐsolidaioﾐs.  

A-liﾐes, B-liﾐes aﾐd Pleuヴa aヴe ideﾐiiaHle as liﾐeaヴ oHjeIts iﾐ luﾐg ultヴasouﾐd iﾏages. Coﾐsolidaioﾐs 
appeaヴ as spoted ﾏaヴks oﾐ the ultヴasouﾐd. OﾐIe these aヴe IoヴヴeItl┞ ideﾐiied a ﾏethod suIh as the 
BLUE pヴotoIol Iaﾐ He used to diagﾐose a ヴaﾐge of ヴespiヴatoヴ┞ Ioﾐdiioﾐs. Also ideﾐiiaHle aヴe 
Efusioﾐs, ┘hiIh aヴe Iaused H┞ the aIIuﾏulaioﾐ of luid iﾐ the luﾐgs, gi┗iﾐg theﾏ a disiﾐIi┗e 
appeaヴaﾐIe oﾐ the ultヴasouﾐd sIaﾐ. Otheヴ aヴtefaIts ideﾐiiaHle Iould He ヴiHs, ┘hiIh Iast a shado┘ 
aIヴoss poヴioﾐs of the ultヴasouﾐd iﾏage, as ┘ell as oヴgaﾐs suIh as the spleeﾐ. These aヴe geﾐeヴall┞ of 
seIoﾐdaヴ┞ iﾏpoヴtaﾐIe to the IliﾐiIiaﾐ. 
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OHjeIi┗es 

The pヴiﾏaヴ┞ goal of this pヴojeIt is to pヴoduIe a U-NET ﾏodel that Iaﾐ He deplo┞ed iﾐ eitheヴ a IliﾐiIal 
oヴ tヴaiﾐiﾐg eﾐ┗iヴoﾐﾏeﾐt aloﾐgside aﾐ ultヴasouﾐd pヴoHe to peヴfoヴﾏ a ﾐeaヴ ヴeal iﾏe segﾏeﾐtaioﾐ of 
a paieﾐts luﾐgs. The ﾏodel ┘ill He tヴaiﾐed oﾐ the Iﾐtelligeﾐt Ultヴasouﾐd dataset, aﾐd as a seIoﾐdaヴ┞ 
goal ┘e ┘ill suggest ┘hetheヴ ﾏoヴe ┘oヴk ┘ithiﾐ the dataset has the poteﾐial to pヴoduIe a Heteヴ 
ﾏodel.  

We ﾏust theヴefoヴe aIhie┗e a good segﾏeﾐtaioﾐ, suIIessfull┞ ideﾐif┞iﾐg iﾏage featuヴes at a high 
le┗el. This is of paヴiIulaヴ iﾏpoヴtaﾐIe foヴ the afoヴeﾏeﾐioﾐed IヴiiIal aヴtefaIts used iﾐ ﾏediIal 
diagﾐosis.  

The tool ﾏust ha┗e a high iﾐfeヴeﾐIe speed, so as to pヴoduIe a segﾏeﾐtaioﾐ iﾐ alﾏost ヴeal iﾏe. A 
suiIieﾐt iﾏe should He less thaﾐ ヰ.ヲ seIoﾐds usiﾐg the N┗idia CUDA e┝eIuioﾐ pヴo┗ideヴ, oヴ less 
thaﾐ ヰ.ヵ seIoﾐds usiﾐg the ﾏoヴe IlassiIal CPU e┝eIuioﾐ pヴo┗ideヴ.  

Due to a laヴge ┗aヴiet┞ of iﾐ iﾏage ケualit┞, paieﾐts, aﾐd ultヴasouﾐd pヴoHes the ﾏodel ﾏust He aHle to 
aIIuヴatel┞ segﾏeﾐt a laヴge ┗aヴiet┞ of iﾐput iﾏages. It ﾏust He ヴoHust eﾐough to haﾐdle a ヴaﾐge of 
Ihaﾐges iﾐ iﾐput data, iﾐ oヴdeヴ to efeIi┗el┞ haﾐdle ultヴasouﾐd iﾏages foヴ all kiﾐds of difeヴeﾐt 
paieﾐt sIaﾐs. A tool that is suitaHle oﾐl┞ foヴ a speIiiI pヴoHe, oヴ a speIiiI deﾏogヴaphiI of paieﾐts is 
ﾐot useful to a IliﾐiIiaﾐ ┘ithiﾐ ﾏediIal pヴaIiIe. 

Quesioﾐs 

Withiﾐ the ield of Coﾏputeヴ Visioﾐ, ┘e Iaﾐ ask ┘hetheヴ U-NET Iaﾐ He suIIessfull┞ applied to luﾐg 
ultヴasouﾐds iﾐ oヴdeヴ to pヴoduIe a high ケualit┞ segﾏeﾐtaioﾐ. To ┘hat aIIuヴaI┞ Iaﾐ ouヴ tool segﾏeﾐt 
ultヴasouﾐds o┗eヴall, aﾐd foヴ eaIh iﾐdi┗idual featuヴe. We ┘ill also ask ┘hetheヴ it is possiHle to pヴoduIe 
a suiIieﾐt segﾏeﾐtaioﾐ iﾐ ﾐeaヴ ヴeal iﾏe to He deplo┞ed iﾐ a IliﾐiIal seiﾐg. 

Iﾐ IoﾐIlusioﾐ, this pヴojeIt pヴeseﾐts aﾐ oppoヴtuﾐit┞ to appl┞ ﾏaIhiﾐe leaヴﾐiﾐg to healthIaヴe iﾐ a ﾐo┗el 
┘a┞. It ┘ill pヴo┗ide a useful tool iﾐ Huildiﾐg huﾏaﾐ e┝peヴieﾐIe iﾐ iﾐteヴpヴeiﾐg luﾐg ultヴasouﾐds, aﾐd 
HeIoﾏe a ┗aluaHle safet┞ ﾐet foヴ e┝peヴts ┘ho ﾏight otheヴ┘ise He suHjeIt to huﾏaﾐ eヴヴoヴ. B┞ Huildiﾐg 
pヴoiIieﾐI┞ aﾐd suppoヴiﾐg deIisioﾐ ﾏakiﾐg, this pヴojeIt has the poteﾐial to sigﾐiiIaﾐtl┞ iﾏpヴo┗e 
Iaヴe foヴ paieﾐts ┘ith ヴespiヴatoヴ┞ Ioﾐdiioﾐs.  
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Figuヴe ヱ: Aﾐ iﾏage aloﾐgside its segﾏeﾐtaioﾐ iﾐ Ilass laHels. ふPalaI, B. ヲヰヲヰ, liIeﾐsed uﾐdeヴ CC-BY-
SA-ヴ.ヰぶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ヱヰ 

 

E┝isiﾐg TeIhﾐiケues 

 

AlgoヴithﾏiI AppヴoaIhes 

Aﾐ e┝isiﾐg appヴoaIh to the pヴoHleﾏ of segﾏeﾐiﾐg luﾐg ultヴasouﾐd iﾏages has Heeﾐ the use of 
┗aヴious iﾏage tヴaﾐsfoヴﾏaioﾐ algoヴithﾏs. A-liﾐes, B-liﾐes aﾐd Pleuヴa all pヴeseﾐt as stヴaight liﾐes 
┘ithiﾐ the iﾏage, aﾐd Iaﾐ He ideﾐiied thヴough a ヴaﾐge of iﾏage tヴaﾐsfoヴﾏaioﾐ teIhﾐiケues. Theヴe 
aヴe a ヴaﾐge of difeヴeﾐt ヴeasoﾐs ┘h┞ this ﾏa┞ oヴ ﾏa┞ ﾐot He ﾏoヴe suitaHle thaﾐ a data dヴi┗eﾐ 
appヴoaIh. 

Oﾐe suIh ad┗aﾐtage is iﾐ ヴeduIiﾐg the ﾐeed to IolleIt laヴge aﾏouﾐts of peヴsoﾐal ﾏediIal data oﾐ 
┘hiIh to tヴaiﾐ a ﾏodel. SuitaHle datasets aヴe haヴd to aIケuiヴe due to the ヴesouヴIes ﾐeeded to sIaﾐ 
paieﾐts, aﾐd ﾏediIal e┝peヴise ﾐeeded to laHel all the iﾏages ┘hiIh ヴeケuiヴes iﾏe aﾐd ヴesouヴIes 
that Iould otheヴ┘ise He assigﾐed to┘aヴds paieﾐt Iaヴe. Addiioﾐall┞, datasets ﾏust He ﾏeiIulousl┞ 
ﾏaﾐaged aﾐd ﾏaiﾐtaiﾐed, aﾐd ﾏust eﾐsuヴe legal IoﾏpliaﾐIe ┘ith staﾐdaヴds suIh as GDP‘. Without 
a suIh a dataset, theヴe is ﾐo ヴisk of data HヴeaIhes oヴ leaks. A good dataset ﾏust also He IolleIted iﾐ 
suIh a ﾏaﾐﾐeヴ as to ヴepヴeseﾐt all suHgヴoups ┘ithiﾐ the populaioﾐ. Withiﾐ ﾏediIal iﾏagiﾐg, this 
ﾏeaﾐs that a di┗eヴse seleIioﾐ of age, geﾐdeヴ aﾐd ethﾐiIit┞ ﾏust He Ioﾐsideヴed ┘ithiﾐ the paieﾐts 
┘ho Ioﾐseﾐt to pヴo┗idiﾐg us ┘ith theiヴ data, fuヴtheヴ IoﾏpliIaiﾐg data IolleIioﾐ. 

AlgoヴithﾏiI segﾏeﾐtaioﾐ Heﾐeits fヴoﾏ addiioﾐal tヴaﾐspaヴeﾐI┞ ┘heﾐ ateﾏpiﾐg to uﾐdeヴstaﾐd 
┘h┞ a pヴediIioﾐ has Heeﾐ ﾏade. Oteﾐ ┘e Iaﾐ follo┘ the logiI gi┗eﾐ H┞ the algoヴithﾏ to a 
segﾏeﾐtaioﾐ IoﾐIlusioﾐ, aﾐd theヴe is the oppoヴtuﾐit┞ to adjust this foヴ a Heteヴ ヴesult. Data dヴi┗eﾐ 
ﾏethods ho┘e┗eヴ teﾐd to He a HlaIk Ho┝, ┘heヴe theヴe aヴe siﾏpl┞ too ﾏaﾐ┞ difeヴeﾐt paヴaﾏeteヴs 
iﾐteヴaIiﾐg foヴ us to full┞ uﾐdeヴstaﾐd ┘h┞ a pヴediIioﾐ is ﾏade.  

The ヴesouヴIe Iost foヴ aﾐ algoヴithﾏiI appヴoaIh is also ﾏuIh lo┘eヴ thaﾐ foヴ a ﾏaIhiﾐe leaヴﾐiﾐg 
Iouﾐteヴpaヴt. With ﾐo tヴaiﾐiﾐg Iost, theヴe is ﾐo ヴeケuiヴeﾏeﾐt to aIIess laヴge Ioﾏputaioﾐal ヴesouヴIes 
suIh as GPUs. MaIhiﾐe leaヴﾐiﾐg ﾏodels ﾏust ﾏake saIヴiiIes iﾐ teヴﾏs of Ioﾏple┝it┞ iﾐ oヴdeヴ to 
ヴeduIe the iﾐfeヴeﾐIe iﾏe foヴ a IlassiiIaioﾐ.  

Ho┘e┗eヴ, ┘heﾐ the segﾏeﾐtaioﾐ Ilass has a Ioﾏple┝ stヴuItuヴe oヴ ill-deiﾐed Houﾐdaヴies, it is 
diiIult to de┗elop aﾐ algoヴithﾏ to aIIuヴatel┞ Iaptuヴe high le┗el details. This is paヴiIulaヴl┞ the Iase 
foヴ ouヴ efusioﾐ aﾐd Ioﾐsolidaioﾐ Ilasses ┘ithiﾐ luﾐg ultヴasouﾐds.  

Theヴe is also aﾐ e┝tヴa ヴisk of ┗aヴiaioﾐ of ヴesults, as algoヴithﾏiI appヴoaIhes aヴe ﾏoヴe ┗ulﾐeヴaHle to 
Ihaﾐges iﾐ data. Difeヴeﾐt ultヴasouﾐd pヴoHes, ﾐoise le┗els, aﾐd paieﾐt aﾐatoﾏ┞ ﾏust He aIIouﾐted 
foヴ iﾐ de┗elopiﾐg suIh a ﾏethod.  

Oﾐe sigﾐiiIaﾐt algoヴithﾏiI IoﾐtヴiHuioﾐ Iaﾏe fヴoﾏ Mosha┗egh et al ふヲヰヱΓぶ. Iﾐ this appヴoaIh, 
Mosha┗egh aﾐd Iolleagues de┗eloped a ﾏodel-Hased ﾏethod to ideﾐif┞ speIiiI liﾐes, suIh as B-
liﾐes, iﾐ Luﾐg Ultヴasouﾐd ふLUSぶ iﾏages. The┞ Hegaﾐ H┞ Iヴeaiﾐg a ﾐoヴﾏalized gヴa┞sIale ﾏap of the 
LUS iﾏage to disiﾐguish difeヴeﾐt stヴuItuヴes. The pleuヴal liﾐe, a IヴiiIal ヴefeヴeﾐIe poiﾐt, ┘as loIated 
usiﾐg a ヴaﾐdoﾏ ┘alk algoヴithﾏ. SuHseケueﾐtl┞, the┞ e┝Iluded the uppeヴ pleuヴal ヴegioﾐ aﾐd applied a 
seヴies of ilteヴs to sepaヴate B-liﾐes efeIi┗el┞. To pヴeIisel┞ deteヴﾏiﾐe the posiioﾐ of B-liﾐes, the┞ 
uilized Gaussiaﾐ ﾏodels aﾐd o┗eヴlaid the ヴesults oﾐto the oヴigiﾐal iﾏages. NotaHl┞, this ﾏethod 
ofeヴed aﾐ uﾐsupeヴ┗ised fヴaﾏe┘oヴk foヴ laHelliﾐg LUS iﾏages ┘heﾐ aﾐﾐotated data foヴ ﾏaIhiﾐe 
leaヴﾐiﾐg ┘as uﾐa┗ailaHle. 
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Aﾐotheヴ ﾐotaHle IoﾐtヴiHuioﾐ ┘as ﾏade H┞ AﾐaﾐtヴasiヴiIhai et al. ふヲヰヱΑぶ. AﾐaﾐtヴasiヴiIhai aﾐd 
IollaHoヴatoヴs iﾐtヴoduIed aﾐ iﾐﾐo┗ai┗e iﾐ┗eヴse pヴoHleﾏ foヴﾏulaioﾐ foヴ deteIiﾐg ┗aヴious liﾐes iﾐ LUS 
iﾏages. Theiヴ appヴoaIh iﾐ┗ol┗ed uiliziﾐg the ‘adoﾐ tヴaﾐsfoヴﾏ to Ioﾐ┗eヴt LUS iﾏages iﾐto a spaIe of 
liﾐes. Liﾐe deteIioﾐ ┘as tヴeated as aﾐ opiﾏizaioﾐ pヴoHleﾏ, ﾏiﾐiﾏized usiﾐg the Alteヴﾐaiﾐg 
DiヴeIioﾐ Method of Muliplieヴs ふADMMぶ algoヴithﾏ. Iﾐiiall┞, the foIus ┘as oﾐ ideﾐif┞iﾐg the pleuヴal 
liﾐe to loIate the luﾐg spaIe. LoIal peaks of the ‘adoﾐ tヴaﾐsfoヴﾏ ┘eヴe theﾐ deteIted, aﾐd liﾐe t┞pes, 
iﾐIludiﾐg B-, A-, aﾐd )-liﾐes, ┘eヴe suIIessfull┞ ideﾐiied Hased oﾐ IliﾐiIal deiﾐiioﾐs. Aﾐ e┝teﾐsioﾐ of 
this ﾏethod IoﾏHiﾐed the ‘adoﾐ tヴaﾐsfoヴﾏ ┘ith the Poiﾐt Spヴead FuﾐIioﾐ ふPSFぶ of the ultヴasouﾐd 
s┞steﾏ, allo┘iﾐg siﾏultaﾐeous liﾐe deteIioﾐ aﾐd deIoﾐ┗oluioﾐ. Addiioﾐall┞, peﾐalt┞ fuﾐIioﾐs ┘eヴe 
eﾏplo┞ed to pヴoﾏote spaヴsit┞ iﾐ the ‘adoﾐ spaIe, eﾐhaﾐIiﾐg liﾐe deteIioﾐ peヴfoヴﾏaﾐIe. This 
ﾏodel-Hased appヴoaIh holds pヴoﾏise foヴ pヴeIise liﾐe aヴifaIt deteIioﾐ iﾐ LUS iﾏages, paヴiIulaヴl┞ iﾐ 
IliﾐiIal Ioﾐte┝ts, suIh as the e┗aluaioﾐ of Co┗id-ヱΓ paieﾐts.  

O┗eヴall these ﾏethods aヴe iﾐteヴesiﾐg aﾐd ヴele┗aﾐt to the segﾏeﾐtaioﾐ of luﾐg ultヴasouﾐds, 
ho┘e┗eヴ a data dヴi┗eﾐ appヴoaIh usiﾐg the Iﾐtelligeﾐt Ultヴasouﾐd dataset ofeヴs a ヴaﾐge of difeヴeﾐt 
Heﾐeits.  

Neuヴal Net┘oヴks 

The ﾏaiﾐ alteヴﾐai┗e to algoヴithﾏiI appヴoaIhes is to use a ﾐeuヴal ﾐet┘oヴk ﾏodel. This is a 
Ioﾏputaioﾐal ﾏodel, iﾐspiヴed H┞ the stヴuItuヴe of the huﾏaﾐ Hヴaiﾐ. It Ioﾐsists of ﾏaﾐ┞ la┞eヴs of 
iﾐteヴIoﾐﾐeIted aヴiiIial ﾐeuヴoﾐs, eaIh ┘ith theiヴ o┘ﾐ adjustaHle paヴaﾏeteヴs. Thヴough tヴaiﾐiﾐg these 
ﾐeuヴoﾐs ┘e Iaﾐ pヴoIess iﾐfoヴﾏaioﾐ iﾐ a ﾏaﾐﾐeヴ siﾏilaヴ to a huﾏaﾐ. B┞ Ihoosiﾐg the IoヴヴeIt 
ﾐet┘oヴk stヴuItuヴe aﾐd opiﾏisiﾐg the ┘eights of eaIh iﾐdi┗idual ﾐeuヴoﾐ, ┘e Iaﾐ ﾏake pヴediIioﾐs 
aﾐd iﾐteヴpヴetaioﾐs usiﾐg a ヴaﾐge of Ioﾏple┝ pateヴﾐs that huﾏaﾐs aヴe ﾐot aHle to Ioﾏpヴeheﾐd.  

The Ioヴe Ioﾏpoﾐeﾐts of a ﾐeuヴal ﾐet┘oヴk aヴe the iﾐput la┞eヴ, output la┞eヴ aﾐd hiddeﾐ la┞eヴs. The 
iﾐput la┞eヴ is desigﾐed to take iﾐ a Ieヴtaiﾐ kiﾐd of data, ┘hiIh iﾐ ouヴ Iase ┘ill He a luﾐg ultヴasouﾐd 
iﾏage, aﾐd pass it to the hiddeﾐ la┞eヴs of the ﾐeuヴal ﾐet┘oヴk. The hiddeﾐ la┞eヴs IoﾐduIt a ヴaﾐge of 
IalIulaioﾐs ┗ia aIi┗aiﾐg difeヴeﾐt ﾐeuヴoﾐs iﾐ these la┞eヴs iﾐ oヴdeヴ to disseﾏiﾐate the iﾐfoヴﾏaioﾐ 
fヴoﾏ the iﾐput la┞eヴ. Fiﾐall┞, oﾐIe the hiddeﾐ la┞eヴs ha┗e pヴoIessed the iﾐput it is tヴaﾐsfoヴﾏed H┞ the 
output la┞eヴ iﾐ suIh a ┘a┞ as to ﾏake a ┗alid pヴediIioﾐ. Iﾐ ouヴ Iase this ┘ill agaiﾐ He aﾐ iﾏage, Hut a 
IlassiiIaioﾐ ﾏap oヴ ﾏask foヴ the iﾐputed luﾐg ultヴasouﾐd.  

Tヴaiﾐiﾐg a ﾐeuヴal ﾐet┘oヴk Ioﾐsists of Ioﾐiﾐuall┞ passiﾐg data foヴ┘aヴds thヴough the ﾏodel, Hefoヴe 
theﾐ assessiﾐg the pヴediIted output agaiﾐst the kﾐo┘ﾐ gヴouﾐd tヴuth. This is a foヴﾏ of supeヴ┗ised 
leaヴﾐiﾐg, ┘heヴeH┞ ┘e adjust the ﾏodels paヴaﾏeteヴs iﾐ ヴefeヴeﾐIe to the kﾐo┘ﾐ IoヴヴeIt pヴediIioﾐ foヴ 
ouヴ data. Withiﾐ the sIope of tヴaiﾐiﾐg a ﾏaIhiﾐe leaヴﾐiﾐg ﾏodel theヴe aヴe ﾏaﾐ┞ difeヴeﾐt paヴaﾏeteヴs 
to Ioﾐsideヴ, all of ┘hiIh Iould ha┗e aﾐ efeIt oﾐ the ケualit┞ of its output oﾐIe tヴaiﾐed. It is theヴefoヴe 
ﾐeIessaヴ┞ to Iaヴヴ┞ out ﾏaﾐ┞ difeヴeﾐt tヴaiﾐiﾐg ヴuﾐs, oteﾐ ┗aヴ┞iﾐg eaIh paヴaﾏeteヴ oﾐe at a iﾏe iﾐ 
oヴdeヴ to aIIuヴatel┞ assess the afeIt that tuﾐiﾐg a Ieヴtaiﾐ paヴaﾏeteヴ has oﾐ the output.  

Deep Leaヴﾐiﾐg Methods 

Deep Leaヴﾐiﾐg is a ﾏaIhiﾐe leaヴﾐiﾐg teIhﾐiケue that IoﾐstヴuIts aヴiiIial ﾐeuヴal ﾐet┘oヴks to 
ﾏiﾏiI the stヴuItuヴe aﾐd fuﾐIioﾐ of the huﾏaﾐ Hヴaiﾐ. Iﾐ pヴaIiIe, deep leaヴﾐiﾐg, also kﾐo┘ﾐ 
as deep stヴuItuヴed leaヴﾐiﾐg oヴ hieヴaヴIhiIal leaヴﾐiﾐg, uses a laヴge ﾐuﾏHeヴ hiddeﾐ la┞eヴs -
t┞piIall┞ ﾏoヴe thaﾐ ヶ Hut oteﾐ ﾏuIh higheヴ - of ﾐoﾐliﾐeaヴ pヴoIessiﾐg to e┝tヴaIt featuヴes 
fヴoﾏ data aﾐd tヴaﾐsfoヴﾏ the data iﾐto difeヴeﾐt le┗els of aHstヴaIioﾐ.  

ふDeepAI ヲヰヱΓ, htps://deepai.oヴg/ﾏaIhiﾐe-leaヴﾐiﾐg-glossaヴ┞-aﾐd-teヴﾏs/deep-leaヴﾐiﾐgぶ 
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Theヴe aヴe a ﾐuﾏHeヴ of ﾐeuヴal ﾐet┘oヴk ﾏodels that e┝ist to sol┗e a ヴaﾐge of iﾏage segﾏeﾐtaioﾐ 
pヴoHleﾏs. The HasiI ﾏethod of ﾐeuヴal ﾐet┘oヴks tヴaiﾐed oﾐ iﾏages ┘ith gヴouﾐd tヴuth ﾏasks Iaﾐ 
efeIi┗el┞ sol┗e ﾏaﾐ┞ segﾏeﾐtaioﾐ pヴoHleﾏs, ┘hiIh ┘ill He the Hasis foヴ ﾏ┞ appヴoaIh to 
segﾏeﾐiﾐg luﾐg ultヴasouﾐd iﾏages.  

Deep leaヴﾐiﾐg ﾏodels ha┗e aIhie┗ed gヴeat suIIess iﾐ aﾐ aヴヴa┞ of ﾏediIal iﾏage segﾏeﾐtaioﾐ 
pヴoHleﾏs, ┘ith the Hest ヴesults outpeヴfoヴﾏiﾐg e┝peヴt huﾏaﾐ aﾐal┞sis. The sheeヴ ┗oluﾏe of ﾐeuヴoﾐs 
iﾐ suIh a ﾏodel allo┘s foヴ the Iaptuヴe of details aﾐd IoﾐﾐeIioﾐs that Iould otheヴ┘ise elude a ﾏoヴe 
Ioﾐ┗eﾐioﾐal uﾐdeヴstaﾐdiﾐg, allo┘iﾐg it to outpeヴfoヴﾏ algoヴithﾏiI ﾏodels foヴ Ioﾏple┝ iﾏageヴ┞. 
Featuヴes Iaﾐ He leaヴﾐt autoﾏaiIall┞ as paヴt of tヴaiﾐiﾐg, ┘ithout ha┗iﾐg to He speIiied H┞ the useヴ. 
This allo┘s a ﾏodel to peヴfoヴﾏ ┗eヴ┞ ┘ell ┘ithout ﾏuIh guidaﾐIe.  

The ﾏaiﾐ dヴa┘HaIk of this appヴoaIh is the depeﾐdeﾐI┞ oﾐ high ケualit┞ data. The data ﾏust He 
laHelled IoヴヴeItl┞, aﾐd ヴepヴeseﾐt aﾐ aIIuヴate seIioﾐ of the populaioﾐ it is dヴa┘ﾐ fヴoﾏ. Otheヴ┘ise 
aﾐ┞ ﾏodel tヴaiﾐed fヴoﾏ this data ┘ould He as liﾏited as the data. Iﾐ a ﾏediIal Ioﾐte┝t this is 
espeIiall┞ ┘oヴヴ┞iﾐg, as it Iould pヴe┗eﾐt all paieﾐts fヴoﾏ ヴeIei┗iﾐg the saﾏe le┗el of Iaヴe if a 
paヴiIulaヴ paieﾐt is ﾐot ┘ell ヴepヴeseﾐted iﾐ the tヴaiﾐiﾐg data.  

Aﾐotheヴ ヴisk is o┗eヴiiﾐg of the gi┗eﾐ dataset. A ﾏodel ﾏust leaヴﾐ to disiﾐguish featuヴes suiIieﾐtl┞ 
iﾐ oヴdeヴ to ﾏake a good IlassiiIaioﾐ. Ho┘e┗eヴ if the ﾏodel is tヴaiﾐed foヴ too loﾐg oﾐ too sﾏall a 
dataset, it siﾏpl┞ leaヴﾐs ┘hat the dataset Ioﾐtaiﾐs. Thus it peヴfoヴﾏs pooヴl┞ oﾐ aﾐ┞ uﾐseeﾐ data. This 
Iaﾐ He ﾏiigated H┞ eﾐsuヴiﾐg the dataset is laヴge aﾐd ┗aヴied, as ┘ell as peヴfoヴﾏiﾐg data 
augﾏeﾐtaioﾐ to fuヴtheヴ di┗eヴsif┞ the dataset.  

Tヴaiﾐiﾐg aﾐ┞ ﾏodel is Ioﾏputaioﾐall┞ e┝peﾐsi┗e, aﾐd ﾏust He peヴfoヴﾏed o┗eヴ a loﾐg peヴiod of iﾏe 
oﾐ high peヴfoヴﾏaﾐIe Ioﾏputeヴs. Iﾐtelligeﾐt Ultヴasouﾐd ha┗e agヴeed to the use of theiヴ GPU Ilusteヴ 
iﾐ oヴdeヴ to suppoヴt tヴaiﾐiﾐg a ﾏodel usiﾐg theiヴ luﾐg ultヴasouﾐd dataset.   

Oﾐe iﾐal daﾐgeヴ is the laIk of iﾐteヴpヴetaHilit┞ of these ﾏodels. Due to the sheeヴ Ioﾏple┝it┞, aﾐ┞ 
IlassiiIaioﾐ deIisioﾐ Iaﾐ He haヴd to iﾐteヴpヴet. Iﾐ a ﾏediIal seiﾐg this Iaﾐ Iause IoﾏpliIaioﾐs H┞ 
iﾐtヴoduIiﾐg uﾐIeヴtaiﾐt┞ iﾐto the deIisioﾐ pヴoIess, ┘heヴe uﾐdeヴstaﾐdiﾐg ┘h┞ a IlassiiIaioﾐ has Heeﾐ 
ﾏade Iaﾐ He iﾏpoヴtaﾐt iﾐ diagﾐosis. Aﾐ┞ tool pヴoduIed should theヴefoヴe ﾐot He seeﾐ as a 
ヴeplaIeﾏeﾐt foヴ aﾐ e┝peヴieﾐIed IliﾐiIiaﾐ, oﾐl┞ as aﾐ aid to assist ┘ith ultヴasouﾐd iﾐteヴpヴetaioﾐ.  

Iﾐ the ield of autoﾏated luﾐg ultヴasouﾐd aﾐal┞sis, ヴeIeﾐt ad┗aﾐIeﾏeﾐts ha┗e highlighted the 
poteﾐial of ﾏaIhiﾐe leaヴﾐiﾐg iﾐ oヴdeヴ to iﾏpヴo┗e the aIIuヴaI┞ aﾐd eiIieﾐI┞ of ﾏediIal iﾏage 
iﾐteヴpヴetaioﾐ. These data-dヴi┗eﾐ ﾏethods ha┗e deﾏoﾐstヴated theiヴ aHilit┞ to Iaptuヴe Ioﾏple┝ 
pateヴﾐs iﾐ luﾐg ultヴasouﾐd iﾏages, aﾐd pヴo┗ed theiヴ poteﾐial to foヴﾏ efeIi┗e tools ┘ithiﾐ ﾏediIal 
aﾐal┞sis. ‘eIeﾐt ヴeseaヴIh has foIused oﾐ full┞ supeヴ┗ised aﾐd ┘eakl┞ supeヴ┗ised leaヴﾐiﾐg 
appヴoaIhes, ┘heヴe ﾐeuヴal ﾐet┘oヴks aヴe tヴaiﾐed to ideﾐif┞ aﾐd Ilassif┞ luﾐg aHﾐoヴﾏaliies, iﾐIludiﾐg 
Ioﾐsolidaioﾐs aﾐd B-liﾐes, ┘ith high seﾐsii┗it┞ aﾐd speIiiIit┞. Moヴeo┗eヴ, these ﾏethods sho┘ 
pヴoﾏise iﾐ the Ioﾐte┝t of Co┗id-ヱΓ diagﾐosis, ┘heヴe ケuaﾐitai┗e aﾐd autoﾏaiI LUS sIoヴiﾐg s┞steﾏs 
ha┗e Heeﾐ de┗eloped to aid iﾐ pﾐeuﾏoﾐia e┗aluaioﾐ. Despite Ihalleﾐges ヴelated to data a┗ailaHilit┞ 
aﾐd laHelliﾐg, ﾏaIhiﾐe leaヴﾐiﾐg appヴoaIhes aヴe iﾐIヴeasiﾐgl┞ IoﾐtヴiHuiﾐg to de┗elopiﾐg a ﾏoヴe 
pヴeIise autoﾏated luﾐg ultヴasouﾐd aﾐal┞sis. 

A Ioﾏpヴeheﾐsi┗e aﾐd stヴoﾐg segﾏeﾐtaioﾐ of luﾐg ultヴasouﾐd iﾏages ヴepヴeseﾐts a sigﾐiiIaﾐt step iﾐ 
this ield, aﾐd a uﾐiケue IoﾐtヴiHuioﾐ to the ield of Ioﾏputeヴ ┗isioﾐ. Pヴe┗ious appヴoaIhes ha┗e 
geﾐeヴall┞ foIused oﾐ speIiiI aヴtefaIts, leadiﾐg to aﾐ uliﾏatel┞ liﾏited oヴ Hiﾐaヴ┞ segﾏeﾐtaioﾐ aﾐd 
aﾐal┞sis. This is geﾐeヴall┞ of liﾏited use to a IliﾐiIiaﾐ, ┘hose aﾐal┞sis ﾏust ideﾐif┞ ﾏaﾐ┞ difeヴeﾐt 
aヴtefaIts iﾐ oヴdeヴ to He efeIi┗e. Se┗eヴal appヴoaIhes ha┗e also foIused oﾐ IlassiiIaioﾐ of aヴtefaIts, 
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suIh as the ﾐuﾏHeヴ of B-liﾐes pヴeseﾐt aﾐd theiヴ se┗eヴit┞. These ha┗e pヴoduIed good ヴesults sho┘iﾐg 
the poteﾐial foヴ a full segﾏeﾐtaioﾐ ﾏodel to He de┗eloped. The use of Iﾐtelligeﾐt Ultヴasouﾐdげs laヴge 
dataset Iould sigﾐiiIaﾐtl┞ pヴogヴess these appヴoaIhes iﾐ oヴdeヴ to fuヴtheヴ assist IliﾐiIiaﾐs iﾐ paieﾐt 
diagﾐosis. 

CNNs 

Coﾐ┗oluioﾐal ﾐeuヴal ﾐet┘oヴks ふCNNげsぶ aヴe a t┞pe of deep leaヴﾐiﾐg ﾐeuヴal ﾐet┘oヴk that speIialises iﾐ 
iﾏage pヴoIessiﾐg aﾐd IlassiiIaioﾐ. A digital iﾏage Iaﾐ He ヴepヴeseﾐted as a seヴies of pi┝els iﾐ gヴid 
foヴﾏat, ┘ith eaIh pi┝el possessiﾐg a ┗alue deteヴﾏiﾐiﾐg its o┘ﾐ Iolouヴ aﾐd Hヴightﾐess. Iﾐ a HiologiIal 
┗isioﾐ s┞steﾏ, eaIh ﾐeuヴoﾐ ┘oヴks H┞ ヴespoﾐdiﾐg to siﾏuli iﾐ its o┘ﾐ ヴestヴiIted ield of ┗isioﾐ, 
ideﾐif┞iﾐg siﾏple shapes aﾐd pateヴﾐs ┘ithiﾐ a sﾏall aヴea. Theﾐ H┞ IoﾐﾐeIiﾐg to otheヴ ﾐeuヴoﾐs iﾐ 
the s┞steﾏ iﾐ the ﾐeaヴH┞ ield of ┗isioﾐ, ┘e Iaﾐ Hegiﾐ to ヴeIogﾐise ﾏoヴe Ioﾏple┝ stヴuItuヴes iﾐ ouヴ 
o┗eヴall sight. CNNげs ┘oヴk siﾏilaヴl┞, ┘ith eaIh pi┝el Heiﾐg IoﾐﾐeIted oﾐl┞ to those geogヴaphiIall┞ 
ﾐeaヴH┞ thヴough the ﾐeuヴal ﾐet┘oヴk. The ﾐeuヴoﾐs Iaﾐ theﾐ He tヴaiﾐed to aIi┗ate ┘heﾐ Ieヴtaiﾐ 
pateヴﾐs appeaヴ. Thヴough the use of ﾏuliple ﾐet┘oヴk la┞eヴs, a Ioﾏputeヴ Iaﾐ piIk up iヴst oﾐ siﾏple 
stヴuItuヴes, ┘hiIh iﾐIヴease iﾐ Ioﾏple┝it┞ fuヴtheヴ aloﾐg iﾐ the ﾐet┘oヴk. This is the staヴiﾐg poiﾐt foヴ 
allo┘iﾐg Ioﾏputeヴs to see, aﾐd is the ヴeseaヴIh ield of Ioﾏputeヴ ┗isioﾐ.   

The aヴIhiteItuヴe of a CNN t┞piIall┞ Ioﾐsists of thヴee la┞eヴs: a Ioﾐ┗oluioﾐal la┞eヴ, a pooliﾐg la┞eヴ, aﾐd 
a full┞ IoﾐﾐeIted la┞eヴ. Addiioﾐall┞, theヴe ﾏust He a la┞eヴ to iﾐput data aﾐd aﾐ output la┞eヴ to 
pヴo┗ide a IlassiiIaioﾐ.  

The Ioﾐ┗oluioﾐal la┞eヴ is the Ioヴe Huildiﾐg HloIk of a CNN, aﾐd Iaヴヴies the ﾏaiﾐ Ioﾏputaioﾐal load. 
This is the paヴt of the ﾏodel that is desigﾐed to e┝tヴaIt the ヴele┗aﾐt featuヴes fヴoﾏ aﾐ iﾏage. The 
ﾏaiﾐ ﾏethod of Iaptuヴiﾐg iﾏage is H┞ usiﾐg a keヴﾐel. This is siﾏpl┞ a ﾏatヴi┝ of shape 券 × 券, ┘hiIh 
slides aIヴoss the height aﾐd ┘idth of ouヴ iﾏage to pヴoduIe a ﾐe┘ featuヴe ﾏap. This is doﾐe H┞ 
IalIulaiﾐg the dot pヴoduIt of the keヴﾐel ┘ith the e┝tヴaIted iﾏage seIioﾐ. 

The foヴﾏula foヴ the diﾏeﾐsioﾐ of the ﾐe┘ featuヴe ﾏap is gi┗eﾐ Helo┘ foヴ a keヴﾐel size of leﾐgth 券, 
aﾐd aﾐ iﾏage of leﾐgth 健. 経件兼 = 健 − 券 + な 

Aﾐ iﾏage ﾏa┞ He padded out, ┘ith Ioluﾏﾐs oヴ ヴo┘s added at the edge of the iﾏage iﾐ oヴdeヴ to 
ﾏaﾐipulate its shape. We Iall this paddiﾐg, aﾐd the ﾐuﾏHeヴ of e┝tヴa ヴo┘s oヴ Ioluﾏﾐs added Iaﾐ He 
ヴepヴeseﾐted H┞ aﾐ iﾐtegeヴ 喧. 

We Iaﾐ ﾏo┗e the keヴﾐel aIヴoss aﾐ iﾏage ┘ith a ┗aヴ┞iﾐg step size. Foヴ e┝aﾏple, assuﾏe ouヴ keヴﾐel 
Iaptuヴes the iﾏage iﾐdiIes 件 to 件 + 倦 foヴ soﾏe Ioﾐstaﾐt 倦. If the suHseケueﾐt keヴﾐel Iaptuヴes the 
iﾐdiIes 件 + な to 件 + 倦 + な, ┘e Iaﾐ sa┞ that the keヴﾐel has ﾏo┗ed H┞ ヱ, oヴ that it is of stヴide ヱ. Iﾐ 
geﾐeヴal ┘e Iaﾐ sa┞ that if a keヴﾐel Iaptuヴes the iﾐdiIes 件 to 件 + 倦, theﾐ the suHseケueﾐt keヴﾐel ┘ill 
Iaptuヴe the iﾐdiIes 件 + 嫌 to 件 + 倦 + 嫌 foヴ a stヴide of leﾐgth 嫌. 

If ┘e geﾐeヴalise the gi┗eﾐ featuヴe ﾏap foヴﾏula to iﾐIlude aﾐ iﾏage ┘ith paddiﾐg 喧 aﾐd stヴide 嫌, ┘e 
oHtaiﾐ the follo┘iﾐg eケuaioﾐ. 経件兼 = 健 − 券 + に喧嫌 + な 
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Figuヴe ヲ: The IoﾐstヴuIioﾐ of aﾐ iﾏage aIi┗aioﾐ ﾏap 

This stヴuItuヴe allo┘s us to ヴeduIe the iﾐteヴaIioﾐ Het┘eeﾐ dispaヴate paヴts of the iﾏage H┞ eﾐsuヴiﾐg 
that oﾐl┞ ﾐeighHouヴiﾐg pi┝els aヴe diヴeItl┞ iﾐteヴaIiﾐg ┘ith eaIh otheヴ. Tヴi┗ial ﾐeuヴal ﾐet┘oヴks oteﾐ 
ha┗e e┗eヴ┞ iﾐput uﾐit iﾐteヴaIiﾐg ┘ith e┗eヴ┞ output uﾐit, ┘hiIh ┘ould He iﾏpossiHle iﾐ high 
ヴesoluioﾐ iﾏages due to the sheeヴ Ioﾏputaioﾐal Ioﾏple┝it┞ ヴeケuiヴed. It also allo┘s foヴ the shaヴiﾐg 
of paヴaﾏeteヴs, as ┘e Iaﾐ logiIall┞ IoﾐIlude if ┘e aヴe tヴ┞iﾐg to ideﾐif┞ aﾐ iﾏage featuヴe, its pヴeIise 
loIaioﾐ is iヴヴele┗aﾐt aﾐd ┘e Iaﾐ appl┞ the saﾏe aﾐal┞iIal ﾏethods to eaIh iﾐdi┗idual iﾏage ヴegioﾐ. 
We also gaiﾐ the pヴopeヴt┞ of eケui┗aヴiaﾐIe to tヴaﾐslaioﾐ. This ﾏeaﾐs that if ┘e tヴaﾐsfoヴﾏ the iﾐput 
iﾏage iﾐ soﾏe ┘a┞, the output ┘ill He siﾏilaヴl┞ Ihaﾐged.  

The ﾐe┝t step is to pヴoIess ouヴ ﾐe┘ featuヴe ﾏap thヴough a pooliﾐg la┞eヴ. This is doﾐe H┞ appl┞iﾐg a 
fuﾐIioﾐ to ヴeplaIe the output at Ieヴtaiﾐ loIaioﾐs iﾐ the iﾏage H┞ deヴi┗iﾐg a suﾏﾏaヴ┞ staisiI of 
ﾐeaヴH┞ outputs. Siﾏilaヴl┞ to the Ioﾐ┗oluioﾐal la┞eヴ, this uses a keヴﾐel of size 券 × 券. Theヴe aヴe se┗eヴal 
possiHle pooliﾐg fuﾐIioﾐs, ho┘e┗eヴ the ﾏost populaヴ is ﾏa┝ pooliﾐg. This ヴetuヴﾐs the ﾏa┝iﾏuﾏ 
┗alue iﾐ the keヴﾐel, aﾐd has the Heﾐeit of ヴeduIiﾐg ﾐoise ┘ithiﾐ the iﾏage, foIusiﾐg oﾐ the stヴoﾐgest 
featuヴes. A┗eヴage pooliﾐg foヴ e┝aﾏple Iaﾐ sufeヴ fヴoﾏ this efeIt. Aﾐ e┝aﾏple ﾏa┝ pooliﾐg opeヴaioﾐ 
is gi┗eﾐ Helo┘. 
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Figuヴe ン: A ﾏa┝ pooliﾐg opeヴaioﾐ ┘ith ヲ┝ヲ ilteヴs aﾐd a stヴide of ヲ 

These la┞eヴs ha┗e the dヴa┘HaIk that the┞ aヴe so faヴ oﾐl┞ aHle to Iaptuヴe liﾐeaヴ ヴelaioﾐships iﾐ the 
iﾏage, theヴefoヴe a soluioﾐ is to plaIe a ﾐoﾐ-liﾐeaヴ la┞eヴ ateヴ e┗eヴ┞ Ioﾐ┗oluioﾐal oﾐe. The ヴeIiied 
liﾐeaヴ uﾐit ふ‘eLUぶ aIi┗aioﾐ fuﾐIioﾐ is oﾐe ﾏethod foヴ this. The ﾏatheﾏaiIal fuﾐIioﾐ is ヴelai┗el┞ 
siﾏple, allo┘iﾐg it to He eiIieﾐtl┞ applied to e┗eヴ┞ eleﾏeﾐt iﾐ ouヴ featuヴe ﾏap.  血岫捲岻 = max 岫捲, ど岻 
The iﾐal la┞eヴ is a full┞ IoﾐﾐeIted oﾐe ┘heヴe all ﾐeuヴoﾐs aヴe IoﾐﾐeIted to the pヴeIediﾐg aﾐd 
suIIeediﾐg la┞eヴ. This is a tヴadiioﾐal ﾐeuヴal ﾐet┘oヴk la┞eヴ, aﾐd Iaﾐ He used to ﾏake iﾐal pヴediIioﾐs 
H┞ suﾏﾏaヴisiﾐg all the iﾐfoヴﾏaioﾐ iﾐ the ﾏodel. 

A iﾐal Ioﾐ┗oluioﾐal ﾐeuヴal ﾐet┘oヴk Iould take the follo┘iﾐg foヴﾏ: 

[ INPUT LAYE‘ ] 

-> [ CONVヱ ] -> [ BATCH NO‘M ] -> [ ‘eLU ACTIVATION ] -> [ MAX POOL ヱ ]  

-> [ CONVヲ ] -> [ BATCH NO‘M ] -> [ ‘eLU ACTIVATION ] -> [ MAX POOL ヲ ] 

-> [ FULLY CONNECTED LAYE‘ ] 

-> [ OUTPUT LAYE‘ ]  

U-NET 

Iﾐ ヲヰヱヵ ‘oﾐﾐeHeヴgeヴ ヰ., FisIheヴ P. aﾐd Bヴo┝ T. pヴoposed a ヴe┗oluioﾐaヴ┞ ﾐe┘ ﾏethod foヴ iﾏage 
segﾏeﾐtaioﾐ. Pヴe┗ious ﾏethods had Heeﾐ liﾏited H┞ ヴeケuiヴiﾐg the IolleIioﾐ of laヴge datasets. 
Fuヴtheヴﾏoヴe these ﾏodels ┘eヴe laヴge, ┘hile U-NET Iould pヴoduIe a segﾏeﾐtaioﾐ iﾐ less thaﾐ a 
seIoﾐd oﾐ theiヴ haヴd┘aヴe. With tヴaiﾐiﾐg data oteﾐ laIkiﾐg foヴ ﾏediIal iﾏage segﾏeﾐtaioﾐ, aloﾐg 
┘ith a ケuiIk IlassiiIaioﾐ iﾏe aﾐd good aIIuヴaI┞, this ﾏade it a Hig step foヴ┘aヴds iﾐ ﾏediIal iﾏage 
segﾏeﾐtaioﾐ. It also pヴoduIes a pi┝el┘ise segﾏeﾐtaioﾐ of aﾐ┞ iﾏage, the ideal ヴesult foヴ a IliﾐiIiaﾐ 
to He aHle to ケuiIkl┞ ideﾐif┞ ヴele┗aﾐt featuヴes. Although iﾐiiall┞ used as a Hiﾐaヴ┞ IlassiiIaioﾐ 
ﾏethod to ideﾐif┞ oﾐe Ilass ┘ithiﾐ aﾐ iﾏage, it Iaﾐ He easil┞ geﾐeヴalised iﾐ oヴdeヴ to pヴoduIe a 
segﾏeﾐtaioﾐ ┘ith aﾐ┞ ﾐuﾏHeヴ of possiHle laHels.  



ヱヶ 

 

 

Figuヴe ヴ: AヴIhiteItuヴe of a U-NET ﾐeuヴal ﾐet┘oヴk ふTheThiﾐkiﾐgMaﾐ ヲヰヲヲ, liIeﾐsed uﾐdeヴ CC-BY-SA-
ヴ.ヰぶ 

The uﾐdeヴl┞iﾐg stヴuItuヴe of U-NET uses ﾏaﾐ┞ of the saﾏe featuヴes as CNNs, iﾐIludiﾐg Ioﾐ┗oluioﾐal 
la┞eヴs. Theヴe is a IoﾐtヴaIiﾐg path ┘hiIh ヴeduIes the size of the iﾏage iﾐto sﾏalleヴ featuヴe ﾏaps iﾐ 
oヴdeヴ to Iaptuヴe detail iﾐ the iﾏages. Siﾏultaﾐeousl┞, the ﾐuﾏHeヴ of featuヴe Ihaﾐﾐels aヴe iﾐIヴeased 
iﾐ oヴdeヴ to Iaptuヴe a ┘ideヴ ヴaﾐge of difeヴeﾐt pateヴﾐs fヴoﾏ the data. At the Hotoﾏ of the 
IoﾐtヴaIiﾐg path, theヴe e┝ists a HotleﾐeIk la┞eヴ ┘hiIh ヴoutes the iﾐput to the e┝paﾐdiﾐg path. This 
iﾐIヴeases the featuヴe ﾏap size, ┘hile deIヴeasiﾐg the ﾐuﾏHeヴ of featuヴe Ihaﾐﾐels iﾐ the ﾏodel. The 
iﾐal la┞eヴ pヴoduIes a IlassiiIaioﾐ foヴ eaIh pi┝el iﾐ the ﾏodel, ┘hiIh Iaﾐ theﾐ He tヴaﾐsfoヴﾏed iﾐto a 
full ﾏulilaHel segﾏeﾐtaioﾐ. A disiﾐIi┗e featuヴe of U-NET is the pヴeseﾐIe of skip IoﾐﾐeIioﾐs 
Het┘eeﾐ the IoﾐtヴaIiﾐg aﾐd e┝paﾐdiﾐg path. At a high le┗el these liﾐks help the ﾏodel pヴeseヴ┗e the 
IoヴヴeIt loIaioﾐ of aﾐ┞ featuヴes that aヴe Heiﾐg segﾏeﾐted.  

The IoﾐtヴaIiﾐg path aIts siﾏilaヴl┞ to ho┘ a t┞piIal CNN aヴIhiteItuヴe ┘ould Ilassif┞ aﾐ iﾏage. It is a 
ヴepeated appliIaioﾐ of t┘o ぬ × ぬ Ioﾐ┗oluioﾐs, eaIh follo┘ed H┞ a ‘eLU aIi┗aioﾐ. This is theﾐ 
follo┘ed H┞ a に × に ﾏa┝ pooliﾐg opeヴaioﾐ ┘ith a stヴide of ヲ, hal┗iﾐg the size of the featuヴe ﾏap. 
EaIh iﾏe this oIIuヴs, ┘e douHle the ﾐuﾏHeヴ of featuヴe Ihaﾐﾐels iﾐ ouヴ ﾐet┘oヴk.  

The e┝paﾐdiﾐg path staヴts ┘ith aﾐ up-Ioﾐ┗oluioﾐ, ┘oヴkiﾐg siﾏilaヴl┞ to the Ioﾐ┗oluioﾐal la┞eヴs iﾐ 
ヴe┗eヴse. A keヴﾐel is ヴepeatedl┞ applied to seIioﾐs of the iﾏage, ┘ith the output Heiﾐg a higheヴ 
diﾏeﾐsioﾐ ﾏatヴi┝. T┞piIall┞ this is a に × に Ioﾐ┗oluioﾐ iﾐ oヴdeヴ to douHle the featuヴe ﾏapげs spaial 
diﾏeﾐsioﾐ. Addiioﾐall┞ the ﾐuﾏHeヴ of featuヴe Ihaﾐﾐels is hal┗ed at this stage. This is theﾐ follo┘ed 
H┞ the saﾏe t┘o ぬ × ぬ Ioﾐ┗oluioﾐs aﾐd ‘eLU aIi┗aioﾐ fuﾐIioﾐs as iﾐ the IoﾐtヴaIiﾐg path. The 
ヴesult of all this is IoﾐIateﾐated ┘ith the featuヴe ﾏap fヴoﾏ the Ioヴヴespoﾐdiﾐg la┞eヴ of the 
IoﾐtヴaIiﾐg path, ヴesuliﾐg iﾐ ouヴ skip IoﾐﾐeIioﾐs. The IoﾐtヴaIiﾐg featuヴe ﾏap ﾏust ho┘e┗eヴ He 
Iヴopped iﾐ oヴdeヴ to aIIouﾐt foヴ aﾐ┞ Ihaﾐges iﾐ diﾏeﾐsioﾐs fヴoﾏ the ┗aヴious la┞eヴs.  
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The iﾐal paヴt of the ﾏodel is a な × な Ioﾐ┗oluioﾐ iﾐ oヴdeヴ to ﾏap eaIh Ioﾏpoﾐeﾐt featuヴe ┗eItoヴ to 
the desiヴed ﾐuﾏHeヴ of Ilasses. The output ┘ill He a pi┝el┘ise pヴoHaHilit┞ distヴiHuioﾐ peヴ Ilass fヴoﾏ 
┘hiIh ┘e Iaﾐ easil┞ IoﾐstヴuIt ouヴ pヴediIted segﾏeﾐtaioﾐ.  

Paヴt of tヴaiﾐiﾐg suIh a U-NET ﾏodel is ﾏakiﾐg use of data augﾏeﾐtaioﾐ teIhﾐiケues. Iﾐ oヴdeヴ to 
eﾐsuヴe the ﾐet┘oヴk is ヴoHust, aﾐd ┘heﾐ oﾐl┞ a fe┘ tヴaiﾐiﾐg saﾏples aヴe a┗ailaHle, ┘e Iaﾐ iﾐIヴease 
the ┗aヴiet┞ of ouヴ tヴaiﾐiﾐg data H┞ peヴfoヴﾏiﾐg ┗aヴious tヴaﾐsfoヴﾏaioﾐs oﾐ ouヴ iﾏages aﾐd ﾏasks 
ヴespeIi┗el┞. E┝aﾏples Iould iﾐIlude ヴaﾐdoﾏ Iヴoppiﾐg, ┗eヴiIal aﾐd hoヴizoﾐtal ヴeleIioﾐ, ヴotaioﾐs to 
┗aヴ┞iﾐg degヴees aﾐd ┗aヴ┞iﾐg Hヴightﾐess. B┞ peヴfoヴﾏiﾐg these opeヴaioﾐs ヴaﾐdoﾏl┞ oﾐ ouヴ dataset ┘e 
Iaﾐ eﾐsuヴe ouヴ ﾏodel is taught to He suiIieﾐtl┞ iﾐ┗aヴiaﾐt.  

The iﾐiial ヴesults of U-NET aヴIhiteItuヴes ┘eヴe e┝tヴeﾏel┞ good. Oﾐ t┘o sepaヴate Iell tヴaIkiﾐg dataset 
segﾏeﾐtaioﾐ Ihalleﾐges, U-NETげs IOU ┘as ヰ.ヰΓ aﾐd ヰ.ンヱ higheヴ thaﾐ the seIoﾐd Hest ﾏodels foヴ the 
ヴespeIi┗e datasets, ヴepヴeseﾐiﾐg a sigﾐiiIaﾐt step foヴ┘aヴd iﾐ Ioﾏputeヴ ┗isioﾐ. 

U-NET++ 

As good as the oヴigiﾐal U-NET pヴo┗ed to He, it ┘as sill liﾏited iﾐ soﾏe ┘a┞s. Iﾐ a ﾏediIal seiﾐg, 
e┗eﾐ sﾏall segﾏeﾐtaioﾐ eヴヴoヴs Iaﾐ lead to a pooヴ useヴ e┝peヴieﾐIe. The ケuesioﾐ theﾐ is ho┘ ﾏuIh 
Iaﾐ ┘e iﾏpヴo┗e upoﾐ the U-NET ﾏodel iﾐ oヴdeヴ to ﾏeet the deﾏaﾐds of ﾏediIal segﾏeﾐtaioﾐ, aﾐd 
ヴeduIe aﾐ┞ eヴヴoヴs iﾐ Ioﾏputeヴ geﾐeヴated oヴ assisted diagﾐosis. U-NET++ addヴesses this thヴough the 
use of iﾏpヴo┗ed skip IoﾐﾐeIioﾐs aﾐd deep supeヴ┗isioﾐ. B┞ iﾐIヴeasiﾐg the efeIi┗eﾐess of the 
tヴaﾐsfeヴ of iﾐfoヴﾏaioﾐ fヴoﾏ the IoﾐtヴaIiﾐg path to the e┝paﾐdiﾐg path, ┘e ┘ill aIhie┗e a ﾏoヴe 
aIIuヴate segﾏeﾐtaioﾐ. Deep supeヴ┗isioﾐ ┘oヴks to eﾐsuヴe that the ﾏodel leaヴﾐs hieヴaヴIhiIal featuヴes 
at ﾏuliple sIales, H┞ iﾐtヴoduIiﾐg addiioﾐal Ilassiieヴs at iﾐteヴﾏediate la┞eヴs of the ﾐet┘oヴk. These 
Iaﾐ He used to pヴo┗ide feedHaIk duヴiﾐg tヴaiﾐiﾐg, allo┘iﾐg the ﾏodel to leaヴﾐ ﾏoヴe iﾐe-gヴaiﾐed 
details iﾐ iﾏages.  This ﾏuli-sIale appヴoaIh helps the ﾏodel Iaptuヴe iﾐtヴiIate stヴuItuヴes aﾐd 
ﾐuaﾐIes, eﾐhaﾐIiﾐg its aHilit┞ to pヴoduIe pヴeIise aﾐd ヴeliaHle segﾏeﾐtaioﾐs. 

Iﾐ U-NET the featuヴe ﾏaps of the IoﾐtヴaIiﾐg path aヴe diヴeItl┞ ヴeIei┗ed iﾐ the e┝paﾐdiﾐg path. 
Ho┘e┗eヴ iﾐ U-NET++ the┞ uﾐdeヴgo a seヴies of iﾐteヴﾏediate steps. The ﾏaiﾐ idea is that iﾐfoヴﾏaioﾐ 
┘ill He Heteヴ pヴeseヴ┗ed if the IoﾐIateﾐated featuヴe ﾏaps iﾐ the e┝paﾐdiﾐg path aヴe seﾏaﾐiIall┞ 
siﾏilaヴ to eaIh otheヴ. We Iaﾐ see Helo┘ the oヴigiﾐal U-NET iﾐ HlaIk, aﾐd the addiioﾐ of deﾐse skip 
IoﾐﾐeIioﾐs iﾐ gヴeeﾐ aﾐd Hlue. 
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Figuヴe ヵ: Aﾐ aヴIhiteItuヴal o┗eヴ┗ie┘ of U-NET++ ふLiaﾐg, J. et al. ヲヰヱΒぶ 

EaIh iﾐteヴﾏediate skip IoﾐﾐeIioﾐ HloIk Iaﾐ He e┝pヴessed as �沈,珍, ┘ith 件 ヴepヴeseﾐiﾐg the do┘ﾐ 
saﾏpliﾐg la┞eヴ, aﾐd 倹 ヴepヴeseﾐiﾐg the Ioﾐ┗oluioﾐ la┞eヴ of the HloIk aloﾐg the path┘a┞. EaIh HloIk is 
IalIulated thヴough a Ioﾐ┗oluioﾐ la┞eヴ, follo┘ed H┞ aﾐ aIi┗aioﾐ fuﾐIioﾐ of the IoﾐIateﾐaioﾐ of all 
HloIks at the saﾏe do┘ﾐ-saﾏpliﾐg la┞eヴ, plus the up saﾏpled HloIk diヴeItl┞ Helo┘ it. Foヴ e┝aﾏple, 
HloIk �怠,戴 is pヴoduIed H┞ a Ioﾐ┗oluioﾐ aﾐd aIi┗aioﾐ of the IoﾐIateﾐated HloIks �怠,待, �怠,怠, �怠,態 aﾐd 
the up saﾏpled �態,態. 

Foヴﾏall┞ ┘e Iaﾐ e┝pヴess the skip path┘a┞s as follo┘s. Let H岫∙岻 ヴepヴeseﾐt a Ioﾐ┗oluioﾐ opeヴaioﾐ 
follo┘ed H┞ aﾐ aIi┗aioﾐ fuﾐIioﾐ, 戟岫∙岻 ヴepヴeseﾐt aﾐ up saﾏpliﾐg la┞eヴ, aﾐd [] ヴepヴeseﾐt a 
IoﾐIateﾐaioﾐ la┞eヴ. Theヴefoヴe, the output 捲沈,珍 of aﾐ┞ ﾐode �沈,珍 is Ioﾏputed as follo┘s: 捲沈,珍 ={  茎(捲沈−怠,珍匪,    血剣堅 倹 = ど 

 茎( [ [捲沈,賃]賃=待珍−怠 , 戟(捲沈+怠,珍−怠匪 ]匪, 血剣堅 倹 > ど 

Figuヴe ヵ paヴt H fuヴtheヴ Ilaヴiies this eケuaioﾐ H┞ sho┘iﾐg the tヴaﾐsfeヴ of featuヴe ﾏaps aIヴoss the top 
skip path┘a┞ of the ﾏodel. This ﾏethod ﾏeaﾐs that all pヴioヴ featuヴe ﾏaps ┘ill aIIuﾏulate Hefoヴe 
aヴヴi┗iﾐg at the Iuヴヴeﾐt ﾐode, eﾐsuヴiﾐg a higheヴ tヴaﾐsfeヴ of iﾐfoヴﾏaioﾐ thヴough the ﾏodel.  

Due to the ﾏodiied aヴIhiteItuヴe ┘ithiﾐ the skip IoﾐﾐeIioﾐs, U-NET++ pヴoduIes a full featuヴe ﾏap 
at ﾏuliple difeヴeﾐt poiﾐts ふ 捲待,珍, 倹 ∈ {な,に,ぬ,ね} ぶ. EaIh of these poiﾐts is a possiHle pヴediIioﾐ foヴ the 
ﾏodel, aﾐd eaIh ofeヴs a IhaﾐIe foヴ us to use a supeヴ┗ised appヴoaIh. This is displa┞ed iﾐ ヴed oﾐ ouヴ 
diagヴaﾏ. A t┞piIal loss fuﾐIioﾐ suIh as Iヴoss-eﾐtヴop┞ oヴ foIal loss Iaﾐ He used at eaIh of these le┗els 
to eﾐsuヴe ouヴ ﾏodel is full┞ tヴaiﾐed thヴoughout.  

O┗eヴall U-NET++ pヴo┗ed to He a ﾐoiIeaHle iﾏpヴo┗eﾏeﾐt. E┝peヴiﾏeﾐts oﾐ se┗eヴal ﾏediIal 
segﾏeﾐtaioﾐ datasets sho┘ed aﾐ a┗eヴaged IOU gaiﾐ of ン.Γ poiﾐts o┗eヴ U-NET, sho┘iﾐg the 
iﾏpoヴtaﾐIe of iﾏpヴo┗ed skip IoﾐﾐeIioﾐs aﾐd deep supeヴ┗isioﾐ to the ﾏodel.  
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U-NET 3+ 

Iﾐ aﾐ ateﾏpt to fuヴtheヴ iﾏpヴo┗e upoﾐ U-NET, a thiヴd ┗eヴsioﾐ ┘as pヴoposed H┞ Huaﾐg, H. et al. The┞ 
aIkﾐo┘ledged that U-NET ┘as Heiﾐg ┘idel┞ used iﾐ ﾏediIal iﾏage segﾏeﾐtaioﾐ, ho┘e┗eヴ it ┘as 
Ioﾐiﾐuousl┞ e┝peヴieﾐIiﾐg the saﾏe la┘s. U-NET++ had eﾐhaﾐIed the shaヴiﾐg of iﾐfoヴﾏaioﾐ 
Het┘eeﾐ difeヴeﾐt sIales of the ﾏodel, ho┘e┗eヴ this ┘as sill iﾐsuiIieﾐt iﾐ ﾏaﾐ┞ ﾏediIal 
appliIaioﾐs. PaヴiIulaヴl┞ iﾐ seiﾐgs ┘heヴe oヴgaﾐs Iould appeaヴ at ┗aヴ┞iﾐg sIales, pヴe┗ious teIhﾐiケues 
fell shoヴt, aﾐd pヴoduIed iﾐsuiIieﾐt segﾏeﾐtaioﾐs H┞ failiﾐg to IoﾏHiﾐe Hoth high le┗el aﾐd lo┘ 
le┗el featuヴes efeIi┗el┞, liﾏiiﾐg the ﾐet┘oヴkげs aHilit┞ to segﾏeﾐt aﾐ iﾏage aloﾐg its IoヴヴeIt 
Houﾐdaヴ┞. Fuヴtheヴﾏoヴe theヴe ┘as aﾐ iﾐIヴeased deﾏaﾐd foヴ Ioﾏputaioﾐal eiIieﾐI┞ iﾐ oヴdeヴ to 
pヴoduIe a good segﾏeﾐtaioﾐ iﾐ ﾐeaヴ ヴeal iﾏe. 

The iヴst iﾏpヴo┗eﾏeﾐt iﾐtヴoduIed iﾐ U-NET ン+ is the use of full sIale skip IoﾐﾐeIioﾐs. Siﾏilaヴl┞ to U-
NET, the featuヴe ﾏap fヴoﾏ the saﾏe sIale is diヴeItl┞ ヴeIei┗ed iﾐ the e┝paﾐdiﾐg path thヴough a 
Ioﾐ┗oluioﾐal la┞eヴ. Iﾐ Ioﾐtヴast, a set of iﾐteヴIoﾐﾐeIted skip IoﾐﾐeIioﾐs deli┗eヴs lo┘ le┗el detailed 
iﾐfoヴﾏaioﾐ fヴoﾏ the sﾏalleヴ sIale IoﾐtヴaIiﾐg path la┞eヴs H┞ appl┞iﾐg a ﾐoﾐ-o┗eヴlappiﾐg ﾏa┝ 
pooliﾐg opeヴaioﾐ. The higheヴ le┗el IoﾐtヴaIiﾐg path is put thヴough a Hiliﾐeaヴ up-saﾏpliﾐg la┞eヴ iﾐ 
oヴdeヴ to iﾐIヴease its spaial diﾏeﾐsioﾐ. The featuヴe ﾏaps aヴe theﾐ ﾏeヴged ┗ia a Ioﾐ┗oluioﾐal la┞eヴ, 
HatIh ﾐoヴﾏalisaioﾐ la┞eヴ aﾐd ‘eLU aIi┗aioﾐ. 

The ヴesult is a set of featuヴe ﾏaps that iﾐIoヴpoヴate iﾐfoヴﾏaioﾐ fヴoﾏ difeヴeﾐt sIales, allo┘iﾐg the 
ﾐet┘oヴk to Iaptuヴe iﾐe gヴaiﾐed details fヴoﾏ sﾏalleヴ sIales, aﾐd high le┗el seﾏaﾐiIs aIヴoss the 
eﾐiヴe ヴaﾐge of sIales. It is also ┘oヴth ﾐoiﾐg that these skip IoﾐﾐeIioﾐs aヴe ﾏoヴe eiIieﾐt ┘ith 
fe┘eヴ paヴaﾏeteヴs thaﾐ a U-NET++ stヴuItuヴe.  

This pヴoIess Iaﾐ He seeﾐ oﾐ the iguヴe Helo┘, sho┘iﾐg the pヴoIess of IoﾐstヴuIiﾐg the full-sIale 
aggヴegated featuヴe ﾏap of the thiヴd la┞eヴ of the e┝paﾐdiﾐg path.  

 

Figuヴe ヶ: CoﾐstヴuIioﾐ of the full-sIale aggヴegated featuヴe ﾏap of thiヴd deIodeヴ la┞eヴ �帖勅戴  ふHuaﾐg, H. 
et al. ヲヰヲヰぶ 

These skip IoﾐﾐeIioﾐs Iaﾐ He foヴﾏall┞ e┝pヴessed as follo┘s. Let 件 iﾐde┝ the la┞eヴ of the IoﾐtヴaIiﾐg 
path aﾐd let 軽 ヴepヴeseﾐt the total ﾐuﾏHeヴ of la┞eヴs iﾐ the ﾐet┘oヴk. Let 茎岫∙岻 He the featuヴe 
aggヴegaioﾐ ﾏeIhaﾐisﾏ ┘ith a Ioﾐ┗oluioﾐ follo┘ed H┞ a HatIh ﾐoヴﾏalisaioﾐ aﾐd aIi┗aioﾐ, aﾐd 系岫∙岻 deﾐotes a Ioﾐ┗oluioﾐ opeヴaioﾐ. 戟岫∙岻 aﾐd 経岫∙岻  aヴe up saﾏpliﾐg aﾐd do┘ﾐ saﾏpliﾐg fuﾐIioﾐs 
ヴespeIi┗el┞, aﾐd [∙] is the IoﾐIateﾐaioﾐ fuﾐIioﾐ. The staIk of featuヴe ﾏaps ヴepヴeseﾐted H┞ �帖勅沈  is 
theﾐ gi┗eﾐ H┞ the Helo┘ eケuaioﾐ: 



ヲヰ 

 

�帖勅沈 =
{  
  �帳津沈 , 件 = 軽,
茎 蛮[系 岾経(�帳津賃 匪峇賃=怠沈−怠 , 系(�帳津沈 匪⏟                �頂銚鎮勅鎚:怠濡禰−沈禰ℎ , 系 岾戟(�帖勅賃 匪峇賃=沈+怠�⏟          �頂銚鎮勅鎚:岫沈+怠岻禰ℎ−�禰ℎ ]) , 件 = な,⋯ ,軽 − な

 

 

The seIoﾐd iﾏpヴo┗eﾏeﾐt is the use of full sIale deep supeヴ┗isioﾐ. The last la┞eヴ of eaIh deIodeヴ 
stage is fed iﾐto a plaiﾐ Ioﾐ┗oluioﾐal la┞eヴ, follo┘ed H┞ a Hiliﾐeaヴ up-saﾏpliﾐg aﾐd sigﾏoid fuﾐIioﾐ. 
This pヴoduIes a ┗alid segﾏeﾐtaioﾐ pヴediIioﾐ at eaIh stage, ┘hiIh is supeヴ┗ised H┞ the tヴue 
segﾏeﾐtaioﾐ ﾏask.  

To fuヴtheヴ iﾏpヴo┗e the Ilass Houﾐdaヴies, U-NET ン+ uses a h┞Hヴid loss fuﾐIioﾐ. This is ﾏade up of the 
MS-SSIM ┗alue, foIal loss aﾐd iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ loss.  健鎚勅直  =  健捗鎮  + 健陳鎚−鎚鎚沈陳  +  健沈墜通 

This foヴIes ouヴ ﾏodel to leaヴﾐ a ヴaﾐge of stヴuItuヴal Houﾐdaヴies H┞ opiﾏisiﾐg ﾏuliple ﾏetヴiIs, 
ヴesuliﾐg iﾐ a Heteヴ o┗eヴall segﾏeﾐtaioﾐ.  

The iﾐal iﾏpヴo┗eﾏeﾐt is the iﾐtヴoduIioﾐ of a IlassiiIaioﾐ guided ﾏodule. Iﾐ ﾏost ﾏediIal iﾏage 
pヴoHleﾏs, false posii┗es aヴe aﾐ iﾐe┗itaHle IoﾐseケueﾐIe of autoﾏated segﾏeﾐtaioﾐ. Iﾐ oヴdeヴ to 
fuヴtheヴ Ilaヴif┞ the pヴeseﾐIe of a laHel Ilass iﾐ aﾐ iﾏage, a ﾐe┘ ﾏodule is Iヴeated at the Hotoﾏ of the 
ﾏodel, �帳津5 . Beﾐeiiﾐg fヴoﾏ the ヴiIhest iﾐfoヴﾏaioﾐ iﾐ the IoﾐtヴaIiﾐg path, this theﾐ outputs a ヲ 
diﾏeﾐsioﾐal teﾐsoヴ, deﾐoiﾐg ┘ith oヴ ┘ithout the Ilass laHels. SuHseケueﾐtl┞, ┘e ﾏulipl┞ the siﾐgle 
IlassiiIaioﾐ output ┘ith the side segﾏeﾐtaioﾐ outputs iﾐ oヴdeヴ to ヴeduIe eヴヴoﾐeous 
segﾏeﾐtaioﾐs, aﾐd pヴe┗eﾐt segﾏeﾐtaioﾐ of aHseﾐt Ilasses. Ho┘e┗eヴ the ┘oヴk of the authoヴs has 
oﾐl┞ foIused oﾐ Hiﾐaヴ┞ segﾏeﾐtaioﾐ, aﾐd it is Iuヴヴeﾐtl┞ uﾐIleaヴ ┘hetheヴ this Iaﾐ He suIIessfull┞ 
applied to ouヴ dataset of ﾏuliIlass luﾐg ultヴasouﾐd iﾏages.  

  

Figuヴe Α: AヴIhiteItuヴe of a Ilass guided ﾏodule used iﾐ U-NET ン+ ふHuaﾐg, H. et al. ヲヰヲヰぶ 

The iﾐiial ﾏodel ┘as tested oﾐ t┘o datasets of aHdoﾏiﾐal CT sIaﾐs, segﾏeﾐiﾐg foヴ the li┗eヴ aﾐd 
spleeﾐ. O┗eヴall the ヴesults ┘eヴe aﾐ iﾏpヴo┗eﾏeﾐt, ┘ith a DiIe sIoヴe of ヰ.Γヵヵヲ Ioﾏpaヴed to a sIoヴe of 
ヰ.Γンヵヲ fヴoﾏ U-NET++. The Hest ヴesults ┘eヴe all oHtaiﾐed usiﾐg the full IoﾏHiﾐaioﾐ of h┞Hヴid loss 
fuﾐIioﾐ, Ilass guided ﾏodules, aﾐd deep supeヴ┗isioﾐ. It is also ┘oヴth ﾐoiﾐg that U-NET ン+ used 
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appヴo┝iﾏatel┞ t┘o thiヴds of the paヴaﾏeteヴs that U-NET++ used iﾐ its segﾏeﾐtaioﾐ ﾏodel, 
sigﾐiiIaﾐtl┞ iﾏpヴo┗iﾐg the ﾏodels peヴfoヴﾏaﾐIe iﾏe. 

CoﾐIlusioﾐs 

Iﾐ IoﾐIlusioﾐ, this seIioﾐ has pヴo┗ided a Ioﾏpヴeheﾐsi┗e o┗eヴ┗ie┘ of e┝isiﾐg ﾏethods of iﾏage 
segﾏeﾐtaioﾐ aﾐd theiヴ liﾏitaioﾐs. While ﾐuﾏeヴous appヴoaIhes ha┗e Heeﾐ de┗eloped o┗eヴ the 
┞eaヴs, it is e┗ideﾐt that the U-Net aヴIhiteItuヴe ヴepヴeseﾐts a sigﾐiiIaﾐt ad┗aﾐIeﾏeﾐt iﾐ the ield of 
seﾏaﾐiI segﾏeﾐtaioﾐ. With its iﾐﾐo┗ai┗e desigﾐ, skip IoﾐﾐeIioﾐs, aﾐd ヴoHust featuヴe e┝tヴaIioﾐ 
IapaHiliies, U-Net has deﾏoﾐstヴated supeヴioヴ peヴfoヴﾏaﾐIe iﾐ a ┘ide ヴaﾐge of ﾏediIal iﾏage 
segﾏeﾐtaioﾐ tasks. 

Ho┘e┗eヴ, it is IヴuIial to ヴeIogﾐize that ﾐo siﾐgle segﾏeﾐtaioﾐ ﾏethod is uﾐi┗eヴsall┞ supeヴioヴ, as the 
IhoiIe of appヴoaIh oteﾐ depeﾐds oﾐ the speIiiI ヴeケuiヴeﾏeﾐts aﾐd IhaヴaIteヴisiIs of the iﾏage data 
at haﾐd. Theヴefoヴe, it is esseﾐial foヴ ヴeseaヴIheヴs aﾐd pヴaIiioﾐeヴs iﾐ the ield to Iaヴefull┞ Ioﾐsideヴ 
the ﾐuaﾐIes of theiヴ segﾏeﾐtaioﾐ task aﾐd seleIt the ﾏost suitaHle ﾏethod aIIoヴdiﾐgl┞. 

Mo┗iﾐg foヴ┘aヴd, the iﾐtegヴaioﾐ of deep leaヴﾐiﾐg teIhﾐiケues, suIh as U-Net, ┘ith otheヴ ad┗aﾐIed 
teIhﾐologies like tヴaﾐsfeヴ leaヴﾐiﾐg, ateﾐioﾐ ﾏeIhaﾐisﾏs, aﾐd ﾏuli-ﾏodal data fusioﾐ, holds gヴeat 
pヴoﾏise foヴ fuヴtheヴ iﾏpヴo┗iﾐg the aIIuヴaI┞ aﾐd eiIieﾐI┞ of iﾏage segﾏeﾐtaioﾐ tasks. This e┗eヴ-
e┗ol┗iﾐg laﾐdsIape of iﾏage segﾏeﾐtaioﾐ ﾏethods uﾐdeヴsIoヴes the iﾏpoヴtaﾐIe of oﾐgoiﾐg ヴeseaヴIh 
aﾐd de┗elopﾏeﾐt iﾐ the puヴsuit of ﾏoヴe aIIuヴate aﾐd ┗eヴsaile soluioﾐs foヴ ┗aヴious appliIaioﾐs iﾐ 
Ioﾏputeヴ ┗isioﾐ aﾐd ﾏediIal iﾏagiﾐg. 
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Methods 

 

Sot┘aヴe 

The IhoiIe of difeヴeﾐt pヴogヴaﾏﾏiﾐg laﾐguages aﾐd sot┘aヴe liHヴaヴies is a ke┞ paヴt iﾐ de┗elopiﾐg a 
ﾏaIhiﾐe leaヴﾐiﾐg appliIaioﾐ. Foヴ this pヴojeIt I Ihose to ┘oヴk iﾐ p┞thoﾐ, speIiiIall┞ usiﾐg the 
P┞ToヴIh liHヴaヴ┞.  

P┞thoﾐ is a ┗eヴ┞ ﾐatuヴal IhoiIe, as the siﾏpliIit┞ aﾐd ヴeadaHilit┞ of the laﾐguage allo┘s the de┗elopeヴ 
to ﾏoヴe easil┞ foIus oﾐ the ﾏaIhiﾐe leaヴﾐiﾐg appヴoaIh, ヴatheヴ thaﾐ Iodiﾐg. Addiioﾐall┞ theヴe is 
alヴead┞ a laヴge aﾐd estaHlished Ioﾏﾏuﾐit┞ of P┞thoﾐ de┗elopeヴs Iヴeaiﾐg aﾐd iﾏpヴo┗iﾐg upoﾐ 
e┝isiﾐg ﾏaIhiﾐe leaヴﾐiﾐg fヴaﾏe┘oヴks, soﾏe of ┘hiIh diヴeItl┞ IoﾐtヴiHuted to this pヴojeIt.  

Usiﾐg P┞ToヴIh ┘as a ﾏoヴe diiIult deIisioﾐ, as it is ヴoughl┞ eケui┗aleﾐt to otheヴ liHヴaヴies suIh as 
TeﾐsoヴFlo┘ iﾐ teヴﾏs of suppoヴt aﾐd staﾐdaヴds. The iﾐal IhoiIe ┘as deteヴﾏiﾐed H┞ the e┝peヴise of 
ﾏ┞ aIadeﾏiI Iolleagues as ┘ell as those of Iﾐtelligeﾐt Ultヴasouﾐd, all of ┘hoﾏ pヴefeヴヴed P┞ToヴIh. 
Aﾐ┞ Iode pヴoduIed ┘ill likel┞ He ﾏaiﾐtaiﾐed H┞ aﾐotheヴ de┗elopeヴ goiﾐg foヴ┘aヴds, so de┗elopiﾐg 
┘ithiﾐ a disiﾐIt liHヴaヴ┞ ┘ould dヴaﾏaiIall┞ ヴeduIe the ﾏaiﾐtaiﾐaHilit┞ of ﾏ┞ pヴojeIt iﾐ the futuヴe.  

Thヴoughout the de┗elopﾏeﾐt pヴoIess, I ha┗e foIused oﾐ pヴo┗idiﾐg Ileaヴ aﾐd IoﾐIise Ioﾏﾏeﾐts iﾐ 
addiioﾐ to foIusiﾐg oﾐ ヴeadaHle P┞thoﾐ Iode. The ﾏaIhiﾐe leaヴﾐiﾐg eﾐgiﾐeeヴs at Iﾐtelligeﾐt 
Ultヴasouﾐd also pヴo┗ided a HasiI teﾏplate, iﾐteﾐded to Hest ﾏake use of theiヴ distヴiHuted GPU 
Ilusteヴ. This has pヴo┗ided the Hasis of ﾏ┞ de┗elopﾏeﾐt iﾐ oヴdeヴ to ﾏa┝iﾏise the use of all a┗ailaHle 
ヴesouヴIes, ┘hile keepiﾐg a faﾏiliaヴ stヴuItuヴe foヴ aﾐ┞ otheヴ futuヴe de┗elopeヴs.  

Dataset 

The iヴst step iﾐ deIidiﾐg ho┘ to appヴoaIh the segﾏeﾐtaioﾐ task ┘as to IoﾐduIt a thoヴough data 
aﾐal┞sis of the dataset. Iﾐtelligeﾐt Ultヴasouﾐd pヴo┗ided soﾏe iﾐiial iﾐfoヴﾏaioﾐ aHout the Ilass 
laHels aﾐd featuヴes. These ┘eヴe speIiied as Helo┘, ┘ith aﾐ ‘GB Iolouヴ ┗alue: 

Class Feature Red Value Greeﾐ Value Blue Value 

Pleuヴa ヲヵヵ ヰ ヲヵヵ 

A-Liﾐes ヰ ヲヵヵ ヲヵヵ 

B-Liﾐes ヲヵヵ ヲヵヵ ヰ 

Coﾐlueﾐt B-Liﾐes ヲヵヵ ヱヰヰ ヰ 

Coﾐsolidaioﾐs ヰ ヲヵヵ ヰ 

‘iHs ヲヵヵ ヰ ヰ 

 

Ho┘e┗eヴ, this ┘as ケuiIkl┞ sho┘ﾐ to He false. The follo┘iﾐg disiﾐIt ‘GB Iolouヴ ┗alues appeaヴ ┘ithiﾐ 
the dataset, aﾐd ﾏust He aIIouﾐted foヴ ┘heﾐ loadiﾐg data. 

Red Value Greeﾐ Value Blue Value 

ヰ ヲヵヵ ヲヵヵ 

ヲヵヵ ヰ ヰ 

ヲヵヵ ヱ ヱ 

ヱ ヰ ヱ 
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ヱ ヱ ヰ 

ヲヵヵ ヱヰヰ ヱ 

ヲヵヵ ヱ ヰ 

ヲヵヵ ヰ ヲヵヵ 

ヰ ヱ ヲヵヵ 

ヱ ヲヵヵ ヱ 

ヱヰヰ ヵヰ ヰ 

ヰ ヰ ヰ 

ヰ ヲヵヵ ヰ 

ヱ ヰ ヰ 

ヱヵヰ ヰ Αヵ 

ヲヵヵ ヱヰヰ ヰ 

ヱヵヰ ヰ ヲヵヵ 

ヲヵヵ ヱヰヱ ヱ 

ヱヰヱ ヵヱ ヰ 

ヰ ヱヵヰ ヲヵヵ 

ヰ ヱ ヱ 

ヲヵヵ ヰ ヱ 

ヱ ヲヵヵ ヰ 

ヱヰヰ ヵヱ ヱ 

ヲヵヵ ヱ ヲヵヵ 

ヰ ヰ ヲヵヵ 

  

Cleaヴl┞ soﾏe of these Iolouヴs Iaﾐ He suIIessfull┞ ﾏeヴged iﾐto theiヴ oH┗ious Ilasses, suIh as the ‘GB 
ふヱ, ヰ, ヱぶ Heiﾐg paヴt of the HaIkgヴouﾐd Ilass ふヰ, ヰ, ヰぶ. Se┗eヴal Iolouヴs ﾐeeded a fuヴtheヴ iﾐ┗esigaioﾐ to 
deIide ┘hiIh Ilass the┞ aヴe paヴt of, iﾐIludiﾐg ふヰ, ヱヵヰ, ヲヵヵぶ, ふヰ, ヰ, ヲヵヵぶ, ふヱヵヰ, ヰ, Αヵぶ, ふヱヵヰ, ヰ, ヲヵヵぶ, 
ふヱヰヰ, ヵヰ, ヰぶ. Ateヴ seﾐdiﾐg se┗eヴal e┝aﾏples to ﾏediIal pヴofessioﾐals foヴ Ioﾐiヴﾏaioﾐ, the follo┘iﾐg 
addiioﾐal laHels ┘eヴe deIided. 

RGB Colour Code AﾐatoﾏiIal Feature 

ふヰ, ヰ, ヲヵヵぶ Efusioﾐ 

ふヰ, ヱヵヰ, ヲヵヵぶ Li┗eヴ 

ふヱヰヰ, ヵヰ, ヰぶ Efusioﾐ ふalsoぶ 
ふヱヵヰ, ヰ Αヵぶ Coﾐsolidaioﾐ ふaddiioﾐal to e┝isiﾐg Ilassぶ 
ふヱヵヰ, ヰ,ヲヵヵぶ Spleeﾐ 

 

Efusioﾐs aヴe useful aﾐatoﾏiIal featuヴes, aﾐd ┘e should Iaptuヴe theﾏ iﾐ aﾐ┞ ﾏodel that ┘e Huild, 
aﾐd Coﾐsolidaioﾐs Iaﾐ He added to the e┝isiﾐg Ilass. The li┗eヴ aﾐd spleeﾐ ho┘e┗eヴ aヴe eﾐiヴel┞ 
sepaヴate fヴoﾏ the ヴespiヴatoヴ┞ s┞steﾏ aﾐd it ﾏakes the ﾏost seﾐse to ﾏeヴge theﾏ iﾐto the 
HaIkgヴouﾐd Ilass.  

It should He ﾐoted that theヴe aヴe ﾐo laHelled B-Liﾐes iﾐ the dataset. Despite the Iﾐtelligeﾐt 
Ultヴasouﾐd segﾏeﾐtaioﾐ iﾐstヴuIioﾐs speIif┞iﾐg that B-Liﾐes aﾐd Coﾐlueﾐt B-Liﾐes should He 
segﾏeﾐted sepaヴatel┞, it appeaヴs that this is ﾐot the Iase aﾐd the t┘o Ilasses aヴe esseﾐiall┞ ﾏeヴged 
iﾐ the dataset. Due to the sheeヴ ﾐuﾏHeヴ of iﾏages, sepaヴaiﾐg these Ilasses is likel┞ to He a laヴge 
uﾐdeヴtakiﾐg, ho┘e┗eヴ Iould He Ioﾐsideヴed if it is of sigﾐiiIaﾐt use foヴ a ﾏediIal pヴaIiioﾐeヴ. Wheﾐ 
loadiﾐg the iﾏages iﾐto the ﾏodel, these ┗alues ┘eヴe IoヴヴeIted iﾐto the follo┘iﾐg Ilasses. 
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Class Couﾐt 
‘iHs ヱンヴヶヶ 

Pleuヴa ヱヵヵΓΒ 

A-Liﾐes Αヴヲヲ 

Coﾐlueﾐt B-Liﾐes ヵヵΑヰ 

Coﾐsolidaioﾐs ヱΓヴヴ 

Efusioﾐs ヴヰΑ 

Total ヱヶヰヵヲ 

 

This dataset is e┝tヴeﾏel┞ laヴge, a ヴaヴit┞ foヴ ﾏost ﾏediIal iﾏage datasets, ho┘e┗eヴ the Ilass size is 
ヴelai┗el┞ iﾏHalaﾐIed. Although the ﾏost useful featuヴes iﾐ luﾐg ultヴasouﾐds aヴe ┘ell ヴepヴeseﾐted, 
┘ith a high pヴeseﾐIe of Pleuヴa, A-Liﾐes aﾐd B-Liﾐes.  

Despite this, deepeヴ aﾐal┞sis ヴe┗eals that the ﾐuﾏHeヴ of disiﾐIt paieﾐts e┝aﾏiﾐed is oﾐl┞ Αン. Fヴoﾏ 
eaIh paieﾐt, at least oﾐe ┗ideo has Heeﾐ ヴeIoヴded, ┘ith at least oﾐe iﾏage. Iﾐ total theヴe aヴe ヱヶΒ 
difeヴeﾐt ┗ideos ヴeIoヴded, ┘ith ヱヶヰヵヲ iﾏages pヴoduIed. This Iould poteﾐiall┞ lead to a laIk of 
┗aヴiet┞ iﾐ the tヴaiﾐiﾐg data, due to the ヴisk of ヴeIoヴdiﾐg siﾏilaヴ stヴuItuヴal pateヴﾐs iﾐ the liﾏited 
ﾐuﾏHeヴ of luﾐgs Heiﾐg ┗ie┘ed. Ho┘e┗eヴ the ﾐuﾏHeヴ of iﾏages ┘ill likel┞ lead us to He aHle to 
ヴeIogﾐise these stヴuItuヴes fヴoﾏ difeヴeﾐt aﾐgles. This leads us to IoﾐIlude that ┘e ﾏust He Iaヴeful 
┘ith o┗eヴiiﾐg ouヴ ﾏodel aﾐd ﾏakiﾐg assuﾏpioﾐs aHout the tヴue di┗eヴsit┞ of the dataset.  

Fiﾐall┞, H┞ IheIkiﾐg the diﾏeﾐsioﾐs of the sIaﾐﾐed iﾏages ┘e iﾐd ┘e ha┗e a laヴge ┗aヴiet┞ of sizes.  

Diﾏeﾐsioﾐ Couﾐt 
ヱヰヴΒ ┝ ヶヵヶ ヴヲヴ 

ヱヵンΒ ┝ Βヴヶ ヱンΑヰ 

ヱヰヱヶ ┝ ΑヰΒ Γヴ 

ヶヴヰ ┝ ヴΒヰ ヴΓ 

Γヶヰ ┝ Αヲヰ ΒヲΑヵ 

Αンヶ ┝ ヱヰΒヰ ヵヰヴ 

Αヲヰ ┝ ヱヰΒヰ ヲンン 

ヱンヶヶ ┝ ヶヵヱ ヱΒヵヵ 

ヱヱΓΓ ┝ Βヴヰ ンヱヲΑ 

ヱΓヰヰ ┝ Βンヰ Γヶ 

 ヵΓヰ ┝ ヶヵヱ ヲヵ 

 

As theヴe is ﾐo Ioﾐseﾐsus Het┘eeﾐ iﾏage diﾏeﾐsioﾐs oヴ ヴaios, ┘e ﾏust deIide ho┘ to ヴesize the 
iﾏages foヴ pヴoIessiﾐg. Iﾏage size is oﾐe of the ﾏaiﾐ IoﾐtヴiHutoヴs to the iﾏe takeﾐ to pヴoduIe a 
segﾏeﾐtaioﾐ, ho┘e┗eヴ it is iﾏpoヴtaﾐt to He aHle to deIide oﾐ a shape ヴaio.  Due to the ┗ast aヴヴa┞ of 
diﾏeﾐsioﾐs, I deIided to ヴesize all iﾏages to a sケuaヴe shape Hefoヴe feediﾐg theﾏ iﾐto aﾐ┞ ﾏodel foヴ 
pヴoIessiﾐg. This ┘ould eﾐsuヴe that a faiヴ aﾏouﾐt of iﾐfoヴﾏaioﾐ is Iaptuヴed fヴoﾏ eaIh iﾏage, 
ho┘e┗eヴ it is possiHle that the ┗aヴious ヴaios ┘ill iﾐteヴfeヴe aﾐd lead to less iﾐfoヴﾏaioﾐ Heiﾐg 
Iaptuヴed fヴoﾏ those iﾏages ┘ith higheヴ height thaﾐ ┘idth. It is also uﾐIleaヴ ┘ithout a ┗eヴ┞ thoヴough 
e┝aﾏiﾐaioﾐ of the data ┘hetheヴ the iﾏages ┘ith a higheヴ pi┝el Iouﾐt aヴe a higheヴ ヴesoluioﾐ, oヴ 
┘hetheヴ the┞ siﾏpl┞ Ioﾐtaiﾐ e┝tヴa dead spaIe ┘ith ﾐo Ilass ﾏaps. A ﾏoヴe detailed aﾐal┞sis aﾐd 
suHseケueﾐt pヴepヴoIessiﾐg ﾏa┞ He ヴeケuiヴed iﾐ oヴdeヴ to Iaptuヴe a faiヴ aﾏouﾐt of iﾐfoヴﾏaioﾐ fヴoﾏ 
eaIh iﾏage foヴ tヴaiﾐiﾐg.  
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Models 

The ﾐe┝t step iﾐ de┗elopiﾐg ﾏ┞ tool ┘as Ihoosiﾐg aﾐ appヴopヴiate ﾏodel aヴIhiteItuヴe. Aﾐ┞ ﾏodel that 
I used had to pヴoduIe aﾐ appヴopヴiate pi┝el┘ise IlassiiIaioﾐ of aﾐ iﾏage. Ideall┞ the IlassiiIaioﾐ 
Iould He pヴoduIed oﾐ a ﾏodeヴﾐ GPU iﾐ less thaﾐ ヰ.ヱ seIoﾐds, iﾐ oヴdeヴ to segﾏeﾐt aﾐ iﾐput iﾐ ﾐeaヴ 
ヴeal iﾏe. A high aIIuヴaI┞ segﾏeﾐtaioﾐ ┘as also ﾐeeded due to the iﾐteﾐded use of the tool iﾐ a 
IliﾐiIal seiﾐg, ┘heヴe a suHopiﾏal tool Iould lead to pooヴeヴ paieﾐt outIoﾏes.  

I Ihose to e┝ploヴe the dataset ┘ith the use of a U-NET ﾏodel, due to its iﾏpヴessi┗e histoヴiIal 
appliIaioﾐ to ﾏediIal iﾏage segﾏeﾐtaioﾐ pヴoHleﾏs. Otheヴ aヴIhiteItuヴes ┘eヴe ﾏoヴe oteﾐ applied 
to difeヴeﾐt t┞pes of segﾏeﾐtaioﾐ pヴoHleﾏs, ┘heヴeas upoﾐ ヴeadiﾐg the e┝isiﾐg liteヴatuヴe I ┘as 
e┝tヴeﾏel┞ Ioﾐideﾐt that I Iould pヴoduIe a good segﾏeﾐtaioﾐ ﾏodel ┘ith U-NET. As disIussed iﾐ 
detail iﾐ the pヴe┗ious Ihapteヴ, U-NET aﾐd its ┗aヴiaﾐts aヴe oteﾐ state of the aヴt ﾏodels that peヴfoヴﾏ 
at the highest le┗el iﾐ segﾏeﾐtaioﾐ tasks.  

Foヴ this dataset iﾐ paヴiIulaヴ, I felt U-NET ┘as a good IhoiIe. With Αン disiﾐIt paieﾐts iﾐ the dataset, 
theヴe ┘as litle to ﾐo ヴisk of a laIk of di┗eヴse data afeIiﾐg the tヴaiﾐiﾐg, as U-NET ﾏodels aヴe oteﾐ 
tヴaiﾐed oﾐ Ioﾏpaヴai┗el┞ ﾏuIh sﾏalleヴ datasets thaﾐ the ヱヶヰヵヲ pヴeseﾐt. B┞ Ihoosiﾐg aﾐ appヴopヴiate 
ﾏeaﾐs of data augﾏeﾐtaioﾐ, I Iould He Ioﾐideﾐt that ﾏ┞ ﾏodel ┘ould IoヴヴeItl┞ segﾏeﾐt aﾐ┞ 
uﾐseeﾐ data.  

Withiﾐ the liteヴatuヴe, U-NET is ﾏost oteﾐ applied to Hiﾐaヴ┞ segﾏeﾐtaioﾐ pヴoHleﾏs oヴ ﾏuliIlass 
datasets ┘ith a sﾏall ﾐuﾏHeヴ of Ilasses. Ho┘e┗eヴ a IliﾐiIiaﾐ ﾏust aﾐal┞se ﾏaﾐ┞ difeヴeﾐt pieIes of 
iﾐfoヴﾏaioﾐ iﾐ oヴdeヴ to ﾏake a diagﾐosis, aﾐd a ﾏuliIlass segﾏeﾐtaioﾐ is a ﾐeIessit┞ foヴ ﾏediIal 
pヴaIiIe. Although U-NET Iaﾐ He easil┞ geﾐeヴalised to pヴoduIe a ﾏuliIlass segﾏeﾐtaioﾐ of aﾐ┞ size, 
this is uﾐIoﾏﾏoﾐ aﾐd Iould eﾐd up pヴoduIiﾐg uﾐe┝peIted ヴesults fヴoﾏ a ﾏodel.  

Iﾐ geﾐeヴal, due to the ﾐeIessit┞ of shaヴiﾐg spaial iﾐfoヴﾏaioﾐ at ┗aヴ┞iﾐg le┗els of the iﾏage to 
Ilassif┞ a luﾐg ultヴasouﾐd, U-NET is a good IhoiIe due to the Huilt iﾐ skip IoﾐﾐeIioﾐs. Iﾐ luﾐg 
ultヴasouﾐds the hoヴizoﾐtal A-Liﾐes appeaヴ as eIhoes of the pleuヴal liﾐe. These aヴe stヴuItuヴall┞ siﾏilaヴ, 
ho┘e┗eヴ the Pleuヴal Liﾐe is disiﾐguished H┞ its plaIeﾏeﾐt at the highest paヴt of the iﾏage. This 
ヴeケuiヴes a stヴuItuヴe that Iaﾐ segﾏeﾐt sﾏall featuヴes of aﾐ iﾏage to Iaptuヴe the hoヴizoﾐtal aヴtefaIts, 
as ┘ell as a higheヴ le┗el path that Iaﾐ Ilassif┞ these aヴtefaIts iﾐto the Pleuヴal Liﾐe oヴ A-Liﾐe.  

O┗eヴall, U-NET teﾐds to uﾐdeヴpeヴfoヴﾏ ┘heﾐ ateﾏpiﾐg to segﾏeﾐt Ioﾏple┝ stヴuItuヴes, aﾐd 
stヴuggles to efeIi┗el┞ Iaptuヴe laHel Houﾐdaヴies. Luﾐg ultヴasouﾐds pヴoduIe ﾏostl┞ HasiI liﾐeaヴ 
aヴtefaIts, ┘hiIh ﾏeaﾐs that a U-NET ﾏodel is uﾐlikel┞ to sufeヴ fヴoﾏ Heiﾐg aHle to segﾏeﾐt 
IoﾏpliIated oHjeIt Houﾐdaヴies efeIi┗el┞. Addiioﾐall┞ ┘ithiﾐ a ﾏediIal Ioﾐte┝t, a iﾐe tuﾐiﾐg of 
Ilass Houﾐdaヴies is laヴgel┞ ヴeduﾐdaﾐt. As a huﾏaﾐ ﾏediIal pヴaIiioﾐeヴ is e┝peIted to ヴe┗ie┘ the 
ヴesults, this allo┘s theﾏ to ヴe┗ie┘ the segﾏeﾐtaioﾐ aloﾐgside the iﾏage iﾐ oヴdeヴ to pヴoduIe theiヴ 
o┘ﾐ IoﾐIlusioﾐs iﾐ suIh a ┘a┞ that sﾏall eヴヴoヴs aloﾐg the Houﾐdaヴ┞ ┘ould ﾐot ﾏateヴ. 

Class iﾏHalaﾐIes Iaﾐ also He a pヴoHleﾏ ┘ithiﾐ U-NET ﾏodels, ┘hiIh is a pヴoHleﾏ ┘e aヴe e┝tヴeﾏel┞ 
likel┞ to eﾐIouﾐteヴ ┘ithiﾐ this dataset. Uliﾏatel┞, this Iaﾐ He ﾏiﾐiﾏised H┞ the IhoiIe of aﾐ 
appヴopヴiate loss fuﾐIioﾐ Hut ﾐot ヴeduIed eﾐiヴel┞. Foヴ this ヴeasoﾐ ┘e ┘ill e┝peヴiﾏeﾐt ┘ith the use of 
foIal loss fuﾐIioﾐs iﾐ oヴdeヴ to tヴaiﾐ ouヴ ﾏodel. 

O┗eヴall U-NET is a ┗eヴ┞ ﾐatuヴal IhoiIe foヴ the iヴst ﾏodel pヴoduIed to segﾏeﾐt the luﾐg ultヴasouﾐd 
data, ┘ith se┗eヴal difeヴeﾐt ┗eヴsioﾐs a┗ailaHle iﾐ oヴdeヴ to ﾏa┝iﾏise the segﾏeﾐtaioﾐ ヴesults. M┞ 
pヴefeヴヴed ﾏodel foヴ this pヴojeIt is U-NET ン+, ┘hiIh aIhie┗ed the Hest ヴesults oﾐ the dataset. 
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Ho┘e┗eヴ theヴe aヴe likel┞ to He e┗eﾐ fuヴtheヴ iﾏpヴo┗eﾏeﾐts to the U-NET aヴIhiteItuヴe iﾐ futuヴe, aﾐd a 
futuヴe e┝ploヴaioﾐ of the data Iould iﾐtヴoduIe difeヴeﾐt aヴIhiteItuヴes iﾐ oヴdeヴ to seek iﾏpヴo┗eﾏeﾐts.  

Data Augﾏeﾐtaioﾐ 

Due to the poteﾐial laIk of di┗eヴsit┞ iﾐ the dataset due to the liﾏited ﾐuﾏHeヴ of disiﾐIt paieﾐts, it 
┘as ﾐeIessaヴ┞ to Ioﾐsideヴ ﾏethods to e┝teﾐd the ┗aヴiet┞ aﾐd sIope of the data a┗ailaHle. 
Augﾏeﾐtaioﾐ of iﾏage datasets is Ioﾏﾏoﾐ pヴaIiIe foヴ iﾏage IlassiiIaioﾐ aﾐd segﾏeﾐtaioﾐ 
pヴoHleﾏs, aﾐd ﾏaﾐ┞ ﾏethods e┝ist. These Iaﾐ geﾐeヴall┞ He Hヴokeﾐ do┘ﾐ iﾐto spaial 
tヴaﾐsfoヴﾏaioﾐs, Iolouヴ tヴaﾐsfoヴﾏaioﾐs, aﾐd ﾐoise tヴaﾐsfoヴﾏaioﾐs.  

The spaial teIhﾐiケues I used ┘eヴe a ヴaﾐdoﾏ ヴotaioﾐ of Het┘eeﾐ ンヰ degヴees eitheヴ IloIk┘ise oヴ 
Iouﾐteヴ IloIk┘ise, aloﾐgside a ヴaﾐdoﾏ ヴeleIioﾐ iﾐ the iﾏageげs ┞ a┝is. It ┘as iﾏpoヴtaﾐt to pヴeseヴ┗e 
the ┗eヴiIal stヴuItuヴe of the iﾏage, due to the ﾐeIessaヴ┞ shaヴiﾐg of iﾐfoヴﾏaioﾐ iﾐ the ﾏodel to 
Ilassif┞ Ieヴtaiﾐ featuヴes. A-liﾐes appeaヴ as hoヴizoﾐtal liﾐes, aﾐd B-liﾐes appeaヴ as ┗eヴiIal liﾐes, so a 
ヴotaioﾐ of Γヰ degヴees oヴ ﾏoヴe Iould sigﾐiiIaﾐtl┞ afeIt the ﾏodelげs aHilit┞ to Ilassif┞ these 
stヴuItuヴes. Fuヴtheヴﾏoヴe A-liﾐes oteﾐ appeaヴ as eIhoes of the Pleuヴa, pヴeseﾐiﾐg Helo┘ the Pleuヴal 
liﾐe. This ﾏeaﾐs that a ヴeleIioﾐ iﾐ the iﾏageげs ┝ a┝is ┘as ﾐot possiHle iﾐ oヴdeヴ to efeIi┗el┞ shaヴe 
the aHilit┞ to Ilassif┞ these stヴuItuヴes. Although I Ioﾐsideヴed iﾐ┗esigaiﾐg a ヴaﾐdoﾏ Iヴoppiﾐg, I 
deIided that this ┘as too likel┞ to ha┗e a ﾐegai┗e efeIt, as the segﾏeﾐtaioﾐ ヴelies oﾐ ┘hole sIale 
details of the iﾏage. 

The Iolouヴ tヴaﾐsfoヴﾏaioﾐs I used ┘eヴe Ioﾐtヴast aﾐd Hヴightﾐess ┗aヴiaioﾐs. While Hヴightﾐess ヴefeヴs to 
the o┗eヴall lightﾐess of the iﾏage, Ioﾐtヴast is the difeヴeﾐIe Het┘eeﾐ light aﾐd daヴk paヴts of aﾐ 
iﾏage. Wheﾐ iﾐIヴeasiﾐg Hヴightﾐess e┗eヴ┞ iﾏage pi┝el as a ┘hole gets lighteヴ oヴ daヴkeヴ, ┘heヴeas upoﾐ 
iﾐIヴeasiﾐg Ioﾐtヴast the light paヴts of aﾐ iﾏage get lighteヴ, aﾐd the daヴk paヴts get daヴkeヴ. Due to the 
gヴe┞sIale ﾐatuヴe of ultヴasouﾐd iﾏages, a┗ailaHle pi┝el Iolouヴ augﾏeﾐtaioﾐs aヴe liﾏited. It is uﾐlikel┞ 
foヴ theヴe to He ﾏaﾐ┞ useful addiioﾐal augﾏeﾐtaioﾐs iﾐ this aヴea.  

Wheﾐ aﾐ iﾏage is takeﾐ, theヴe aヴe oteﾐ iﾏpeヴfeIioﾐs iﾐ the Iaptuヴe ヴesuliﾐg iﾐ distoヴioﾐs aﾐd 
defeIts iﾐ the piItuヴe. These Iaﾐ He Iaused H┞ aﾐ┞thiﾐg fヴoﾏ seﾐsoヴ iﾐaIIuヴaIies to ヴaﾐdoﾏ eヴヴoヴs, 
aﾐd aヴe to He e┝peIted iﾐ ヴeal ┘oヴld Iaptuヴed iﾏages. We Iaﾐ siﾏulate this iﾐ ouヴ dataset iﾐ ┗aヴious 
┘a┞s, H┞ ヴaﾐdoﾏl┞ Ihaﾐgiﾐg pi┝els to siﾏulate this e┝teヴﾐal iﾐteヴfeヴeﾐIe. Gaussiaﾐ ﾐoise is a ﾐoise 
added to the oヴigiﾐal iﾏage ┘hiIh has a ﾐoヴﾏal ふoヴ Gaussiaﾐぶ pヴoHaHilit┞ distヴiHuioﾐ. Foヴ aﾐ iﾏage 
pi┝el ┘ith Iooヴdiﾐates 捲 aﾐd 検, the pi┝el Iaﾐ He e┝pヴessed as the suﾏ of the oヴigiﾐal pi┝el 嫌岫捲, 検岻 aﾐd 
the ﾐoise 券岫捲, 検岻. 拳岫捲, 検岻 = 嫌岫捲, 検岻 + 券岫捲, 検岻 
The pヴoHaHilit┞ distヴiHuioﾐ of the added ﾐoise 喧�岫権岻 is theﾐ gi┗eﾐ H┞ the follo┘iﾐg foヴﾏula. 

喧�岫権岻 = な�√に� 結− 岫佃−�岻2態�2  

This ﾏakes ouヴ ﾏodel ﾏoヴe ヴoHust to iﾐteヴfeヴeﾐIe, aﾐd should eﾐaHle us to pヴoduIe a ﾏoヴe aIIuヴate 
segﾏeﾐtaioﾐ oﾐ ヴeal ┘oヴld data.  

IﾐfeヴeﾐIe Tiﾏe 

PヴoduIiﾐg a IlassiiIaioﾐ iﾐ a suitaHle iﾏe ┘as ﾐot a ┘oヴヴ┞ ┘hile usiﾐg a U-NET ﾏodel due to its 
siﾏple stヴuItuヴe. The pヴoduIioﾐ of a ﾏodel ┘ith a suiIieﾐtl┞ lo┘ segﾏeﾐtaioﾐ iﾏe ┘as doﾐe ┘ith 
the assistaﾐIe of the ONNX ヴuﾐiﾏe p┞thoﾐ liHヴaヴ┞, allo┘iﾐg us to pヴoduIe a ヴuﾐiﾏe foヴ aﾐ┞ ﾏodel 
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that ┘as iﾐdepeﾐdeﾐt fヴoﾏ the ﾏaIhiﾐe it ┘as ヴuﾐ oﾐ. This also allo┘ed foヴ tesiﾐg the ﾏodel 
ヴuﾐiﾏe ┘ithout the use of a GPU. It ┘as agヴeed ┘ith Iﾐtelligeﾐt Ultヴasouﾐd that aiﾏiﾐg foヴ aﾐ 
a┗eヴage ヴuﾐiﾏe of less thaﾐ ヰ.ヵ seIoﾐds ┘ith the ONNX ヴuﾐiﾏe CPU pヴo┗ideヴ ┘ould suiIe, as this 
┘ould speed up appヴopヴiatel┞ ┘heﾐ applied to a ﾏodeヴﾐ GPU de┗iIe.  

E┗aluaioﾐ 

Although theヴe aヴe ﾏaﾐ┞ difeヴeﾐt ﾏetヴiIs foヴ assessiﾐg the efeIi┗eﾐess of aﾐ iﾏage segﾏeﾐtaioﾐ 
ﾏodel, foヴ this pヴojeIt I ┘ill use iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ ふIOUぶ. This is oﾐe of the ﾏost ┘idel┞ used 
e┗aluaioﾐ ﾏethods, aﾐd ﾏakes it eas┞ to ケuiIkl┞ assess the usefulﾐess of a poteﾐial pヴediIioﾐ aﾐd 
to Ioﾏpaヴe Het┘eeﾐ siﾏilaヴ ﾏodels. Without a stヴoﾐg e┗aluaioﾐ ﾏetヴiI ┘e Iaﾐﾐot He Ieヴtaiﾐ ho┘ 
ouヴ ﾏodel ┘ill peヴfoヴﾏ oﾐ aﾐ┞ uﾐseeﾐ data, aﾐd ┘hetheヴ iﾏpヴo┗eﾏeﾐts aヴe Heiﾐg ﾏade to ouヴ 
ﾏodel thヴoughout the tヴaiﾐiﾐg pヴoIess.  

The ﾐuﾏHeヴ of pi┝els IoヴヴeItl┞ Ilassiied ふoヴ aIIuヴaI┞ぶ is geﾐeヴall┞ a pooヴ peヴfoヴﾏaﾐIe ﾏetヴiI ┘ithiﾐ 
iﾏage segﾏeﾐtaioﾐ. This is due to the faIt that it Iaﾐﾐot Iaptuヴe aﾐ┞ spaial iﾐfoヴﾏaioﾐ, ┘heヴe 
Ieヴtaiﾐ pi┝els ﾏa┞ afeIt the usefulﾐess of aﾐ iﾏage segﾏeﾐtaioﾐ ﾏoヴe thaﾐ otheヴs. A laヴge Ilass 
iﾏHalaﾐIe Iould also ske┘ the ﾏodel. Coﾐsideヴ foヴ e┝aﾏple a Hiﾐaヴ┞ IlassiiIaioﾐ ┘heヴe Γヵ% of the 
iﾏage is the HaIkgヴouﾐd. A pヴediIioﾐ of puヴel┞ HaIkgヴouﾐd pi┝els ┘ould pヴoduIe a high aIIuヴaI┞ 
sIoヴe of ヰ.Γヵ, ┘ith aHsolutel┞ zeヴo segﾏeﾐtaioﾐ. This ┘ill likel┞ He aﾐ issue ┘ithiﾐ ouヴ luﾐg 
ultヴasouﾐd iﾏages, aﾐd ﾏust theヴefoヴe He a┗oided.  

IﾐteヴseIioﾐ o┗eヴ uﾐioﾐ is IalIulated as the suﾏ of the aヴea of the IoヴヴeIt pヴediIioﾐs di┗ided H┞ the 
total aヴea of the pヴediIioﾐ aﾐd gヴouﾐd tヴuth. ‘efeヴeﾐIiﾐg iguヴe Β, the tヴue segﾏeﾐtaioﾐ is 
displa┞ed H┞ the gヴeeﾐ IiヴIle, aﾐd the pヴediIioﾐ H┞ the ヴed IiヴIle. The iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ is 
theヴefoヴe IalIulated H┞ the aヴea iﾐ ┞ello┘ di┗ided H┞ the aヴea iﾐ gヴeeﾐ plus the aヴea iﾐ ヴed.  荊頚戟 =  劇堅憲結 鶏剣嫌件建件懸結繋�健嫌結 軽結訣�建件懸結 + 繋�健嫌結 鶏剣嫌件建件懸結 + 劇堅憲結 鶏剣嫌件建件懸結 

We Iaﾐ Ileaヴl┞ see that ど ≤ 荊頚戟 ≤ な, aﾐd the Heteヴ the segﾏeﾐtaioﾐ the laヴgeヴ the ┗alue. Withiﾐ 
this pヴojeIt ┘e ┘ill ﾏeasuヴe the Hiﾐaヴ┞ IOU foヴ eaIh iﾐdi┗idual Ilass iﾐ oヴdeヴ to aﾐal┞se aﾐd Ioﾏpaヴe 
the segﾏeﾐtaioﾐ aIIuヴaI┞ foヴ eaIh laHel.  

 

Figuヴe Β: A Hiﾐaヴ┞ iﾏage segﾏeﾐtaioﾐ to ヴepヴeseﾐt iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ 
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Model Opiﾏisaioﾐ 

OﾐIe ouヴ ﾏodel aヴIhiteItuヴe is deIided, its paヴaﾏeteヴs ﾏust He opiﾏized to ﾏa┝iﾏise the ┗alue of 
its output. Thヴough efeIi┗e tヴaiﾐiﾐg ┘e Iaﾐ adjust the ┗alue of eaIh ﾐeuヴoﾐ iﾐ the ﾐet┘oヴk to 
pヴoduIe a Ioﾐiﾐuousl┞ Heteヴ ﾏodel uﾐil ┘e aヴe happ┞ ┘ith the o┗eヴall output. The ﾏaiﾐ ﾏethod 
foヴ this pヴoIess is HaIkpヴopagaioﾐ.  

The iヴst step is to load a HatIh of data ヴead┞ foヴ pヴoIessiﾐg. This Iaﾐ He of aﾐ┞ size, although ﾏa┞ He 
Ioﾐstヴaiﾐed H┞ ﾏeﾏoヴ┞ liﾏitaioﾐs. The ﾏost Ioﾏﾏoﾐl┞ used ┗alue is に津 foヴ the highest 券 that 
ﾏaIhiﾐe ﾏeﾏoヴ┞ Iaﾐ take. This is theﾐ passed thヴough the eﾐiヴet┞ of the ﾏodel iﾐ oヴdeヴ to oHtaiﾐ a 
pヴediIioﾐ. EaIh ﾐeuヴoﾐ theヴefoヴe peヴfoヴﾏs a ┘eighted suﾏ aﾐd aIi┗aioﾐ fuﾐIioﾐ iﾐ oヴdeヴ to 
pヴoduIe the iﾐal output. 

This output is theﾐ Ioﾏpaヴed to the tヴue pヴediIioﾐ ┗ia a loss fuﾐIioﾐ iﾐ oヴdeヴ to pヴoduIe aﾐ eヴヴoヴ 
┗alue. Theヴe aヴe a laヴge ﾐuﾏHeヴ of IhoiIes foヴ difeヴeﾐt losses depeﾐdiﾐg oﾐ ┘hat is Heiﾐg opiﾏised 
aﾐd the dataset a┗ailaHle. OﾐIe aﾐ eヴヴoヴ is IalIulated, this is passed HaIk┘aヴds thヴough the ﾐet┘oヴk, 
pヴoduIiﾐg a gヴadieﾐt foヴ eaIh paヴaﾏeteヴ. Staヴiﾐg at the output la┞eヴ, the ﾏodel ┘eights aヴe adjusted 
thヴough the use of this gヴadieﾐt iﾐ oヴdeヴ to ﾏiﾐiﾏise the iﾐal loss fuﾐIioﾐ eヴヴoヴ so that it is as lo┘ 
as possiHle. OﾐIe this is Ioﾏpleted foヴ a HatIh of data, it is theﾐ ヴepeated uﾐil the eﾐiヴe dataset has 
Heeﾐ passed thヴough the ﾏodel. Fiﾐall┞, the eﾐiヴe dataset is passed thヴough the ﾏodel agaiﾐ iﾐ 
oヴdeヴ to opiﾏise it fuヴtheヴ. EaIh pass of the dataset is ヴefeヴヴed to as aﾐ epoIh. Fiﾐall┞ oﾐIe the 
ﾏodel is suiIieﾐtl┞ opiﾏised, the tヴaiﾐiﾐg is stopped aﾐd the ﾏodel Iaﾐ He used foヴ pヴediIioﾐs.  

Loss FuﾐIioﾐs  

The IhoiIe of aﾐ appヴopヴiate loss fuﾐIioﾐ is IヴiiIal to full┞ opiﾏisiﾐg a ﾏodel, aﾐd difeヴeﾐt 
fuﾐIioﾐs e┝ist foヴ all ﾏaﾐﾐeヴ of difeヴeﾐt pヴoHleﾏs. It uliﾏatel┞ guides the ﾏodel duヴiﾐg tヴaiﾐiﾐg 
aﾐd has the poteﾐial to eﾏphasise Ieヴtaiﾐ Ilasses, IhaヴaIteヴisiIs aﾐd aﾐoﾏalies that the ﾏodel ﾏa┞ 
Ioﾏe aIヴoss. Addiioﾐall┞, it Iaﾐ iﾐlueﾐIe the seﾐsii┗it┞ of a ﾏodel to outlieヴs, the haﾐdliﾐg of ﾐois┞ 
data aﾐd the speed of Ioﾐ┗eヴgeﾐIe ┘heﾐ tヴaiﾐiﾐg.  

Withiﾐ iﾏage segﾏeﾐtaioﾐ, aﾐ iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ loss ateﾏpts to ﾏa┝iﾏise the o┗eヴlap 
Het┘eeﾐ the pヴediIted Ilass laHel aﾐd the tヴue Ilass laHel foヴ eaIh Ilass. It ﾏeasuヴes the siﾏilaヴit┞ H┞ 
Ioﾏpuiﾐg the ヴaio of the o┗eヴlap Het┘eeﾐ the pヴediIted Ilass laHel aﾐd the gヴouﾐd tヴuth plus the 
pヴediIted Ilass laHels. Foヴ aﾐ┞ gi┗eﾐ Ilass, the IOU is gi┗eﾐ as desIヴiHed iﾐ the e┗aluaioﾐ seIioﾐ. The 
IOU loss is theヴefoヴe gi┗eﾐ as follo┘s, foヴ all Ilasses � iﾐ the set of Ilasses 系. Let |系| He the ﾐuﾏHeヴ of 
Ilasses.  

荊頚戟 健剣嫌嫌 = (∑ 劇堅憲結 鶏剣嫌件建件懸結岫�岻繋�健嫌結 軽結訣�建件懸結岫�岻 + 繋�健嫌結 鶏剣嫌件建件懸結岫�岻 + 劇堅憲結 鶏剣嫌件建件懸結岫�岻寵頂 ) |系|⁄   
Cヴoss eﾐtヴop┞ loss is aﾐotheヴ fuﾐIioﾐ to ﾏiﾐiﾏise the pヴediIioﾐ eヴヴoヴ of a ﾏaIhiﾐe leaヴﾐiﾐg ﾏodel. 
It peﾐalises iﾐIoヴヴeIt pヴediIioﾐs ┘ith high IoﾐideﾐIe ﾏoヴe hea┗il┞, eﾐIouヴagiﾐg theﾏ to assigﾐ 
higheヴ pヴoHaHiliies to the IoヴヴeIt Ilasses. Foヴ e┝aﾏple, assuﾏiﾐg the Ilass is pヴeseﾐt, a pヴediIioﾐ of 
ヰ.ヰヵ ┘ould ha┗e a ﾏuIh higheヴ loss thaﾐ ヰ.Α. Assuﾏe ┘e ha┗e 系 Ilasses, a Hiﾐaヴ┞ pヴediIioﾐ of ┗alue 
{ヰ,ヱ} 検墜,頂 as ┘ell as a pヴoHaHilit┞ 喧墜,頂 iﾐ the ヴaﾐge ふヰ,ヱぶ foヴ Ilass � aﾐd oHseヴ┗aioﾐ 剣. Theﾐ the 
foヴﾏula foヴ a ﾏulilaHel Iヴoss eﾐtヴop┞ loss fuﾐIioﾐ Iaﾐ He e┝pヴessed as follo┘s.  

系継 健剣嫌嫌 = −∑検墜,頂 ln岫喧墜,頂岻寵
頂=待  
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FoIal loss is desigﾐed to addヴess Ilass iﾏHalaﾐIes ┘heﾐ tヴaiﾐiﾐg ﾏaIhiﾐe leaヴﾐiﾐg ﾏodels. It ┘oヴks 
H┞ ヴeduIiﾐg the IoﾐtヴiHuioﾐ of eas┞ to Ilassif┞ e┝aﾏples iﾐ a siﾏilaヴ ﾏaﾐﾐeヴ to Iヴoss eﾐtヴop┞ loss. 
Ho┘e┗eヴ it has the addiioﾐal opioﾐ of adjusiﾐg ho┘ ﾏuIh the ﾏodel foIuses oﾐ haヴd to Ilassif┞ 
e┝aﾏples ふ紘ぶ, aﾐd a Ilass speIiiI ┘eighiﾐg faItoヴ to deteヴﾏiﾐe ho┘ ﾏuIh the ﾏodel foIuses oﾐ 
eaIh Ilass ふ糠ぶ. Let 喧痛 He the pヴediIted pヴoHaHilit┞ of the IoヴヴeIt Ilass. Theﾐ ┘e deiﾐe the foIal loss 
foヴ eaIh 喧痛 as follo┘s. 繋詣 =  −糠痛岫な − 喧痛岻� ln岫喧痛岻 
T┞piIall┞ 紘 is set Het┘eeﾐ ヲ aﾐd ヵ depeﾐdiﾐg oﾐ ho┘ fast the ﾏodel should Ioﾐ┗eヴge. The list of 糠 
┗alues is geﾐeヴall┞ set to He Het┘eeﾐ ヰ aﾐd ヱ, depeﾐdiﾐg oﾐ the pヴe┗aleﾐIe aﾐd the IlassiiIaioﾐ 
diiIult┞ foヴ eaIh ヴespeIi┗e Ilass. Muliple ヴuﾐs aヴe oteﾐ ﾐeeded to iﾐe tuﾐe these paヴaﾏeteヴs foヴ 
aﾐ opiﾏal loss fuﾐIioﾐ. 

Muli sIale stヴuItuヴal siﾏilaヴit┞ iﾐde┝ ふMS-SSIMぶ is aﾐotheヴ loss fuﾐIioﾐ useful foヴ pヴoIessiﾐg 
iﾏages. The ┗alue of this ﾏetヴiI, is that it ﾏeasuヴes the siﾏilaヴit┞ Het┘eeﾐ t┘o iﾏages at ﾏuliple 
difeヴeﾐt sIales. Wheヴeas otheヴ loss fuﾐIioﾐs assigﾐ a siﾏilaヴ ┘eighiﾐg to the Houﾐdaヴ┞ pi┝els 
Het┘eeﾐ Ilass laHels, MS-SSIM ┘eights it higheヴ. This ﾏeaﾐs that H┞ ﾏeasuヴiﾐg the loss Het┘eeﾐ the 
tヴue ﾏask aﾐd the pヴediIted ﾏask of aﾐ iﾏage at sﾏalleヴ sIales, ┘e Iaﾐ eﾐIouヴage ouヴ ﾏodel to 
ﾏoヴe aIIuヴatel┞ segﾏeﾐt the Houﾐdaヴies of ouヴ Ilasses. Depeﾐdiﾐg oﾐ ┘hat ┘e aヴe tヴ┞iﾐg to 
segﾏeﾐt, IoヴヴeItl┞ ideﾐif┞iﾐg the Ilass edges Iould He of high iﾏpoヴtaﾐIe.  

Let us take 捲 = {捲沈|件 = な,に,… ,軽} aﾐd 検 = {検沈|件 = な,に,… , 軽} as the pi┝el ┗alues iﾐ t┘o iﾏage 
distヴiHuioﾐs. We theﾐ fuヴtheヴ deiﾐe �掴 aﾐd �槻 as the ヴespeIi┗e ﾏeaﾐs of 捲 aﾐd 検 ヴespeIi┗el┞, 
aloﾐg ┘ith �掴 aﾐd �槻 as theiヴ ┗aヴiaﾐIe. Theﾐ the siﾐgle sIale stヴuItuヴal siﾏilaヴit┞ iﾐde┝ is gi┗eﾐ H┞ the 
follo┘iﾐg foヴﾏula.  鯨鯨荊警岫捲, 検岻 =  岫に�掴�槻 + 系怠岻岫に�掴槻 + 系態岻岫�掴態 + �槻態 + 系怠岻岫�掴態 + �槻態 + 系態岻 
The iﾐal MS-SSIM is deヴi┗ed fヴoﾏ a ┘eighted a┗eヴage of this foヴﾏula, foヴ Ioﾐiﾐuousl┞ Iヴopped 
seIioﾐs of the segﾏeﾐtaioﾐ aﾐd gヴouﾐd tヴuth ﾏask. 

Opiﾏisaioﾐ FuﾐIioﾐ 

Wheﾐ it Ioﾏes to algoヴithﾏs foヴ updaiﾐg the ┘eights of a ﾏaIhiﾐe leaヴﾐiﾐg ﾏodel, theヴe aヴe se┗eヴal 
IhoiIes. Foヴ this pヴojeIt I ha┗e Ihoseﾐ to eﾏplo┞ the Adaﾏ opiﾏisaioﾐ fuﾐIioﾐ, ┘hiIh is shoヴt foヴ 
adapi┗e ﾏoﾏeﾐt esiﾏaioﾐ. This is a Ioﾏﾏoﾐ IhoiIe iﾐ ﾏaﾐ┞ ﾏaIhiﾐe leaヴﾐiﾐg pヴoHleﾏs, iﾐIludiﾐg 
iﾏage segﾏeﾐtaioﾐ. The ﾏaiﾐ Heﾐeit is that Adaﾏ adapts leaヴﾐiﾐg ヴates iﾐdi┗iduall┞ foヴ eaIh 
paヴaﾏeteヴ ┘eight, leadiﾐg to a fasteヴ Ioﾐ┗eヴgeﾐIe thaﾐ otheヴ algoヴithﾏs.  

Leaヴﾐiﾐg Rate 

A leaヴﾐiﾐg ヴate is oﾐe of the ﾏost iﾏpoヴtaﾐt paヴaﾏeteヴs ┘ithiﾐ ﾏaIhiﾐe leaヴﾐiﾐg, aﾐd deteヴﾏiﾐes 
the step size at ┘hiIh the ﾏodel updates its paヴaﾏeteヴs duヴiﾐg tヴaiﾐiﾐg. The IhoiIe of aﾐ appヴopヴiate 
leaヴﾐiﾐg ヴate diヴeItl┞ afeIts the Ioﾐ┗eヴgeﾐIe aﾐd staHilit┞ of a ﾏodel. If the ヴate is too high it Iaﾐ 
Iause the ﾏodel to o┗eヴshoot aﾐ opiﾏal soluioﾐ, ┘hile if it is too lo┘ the Ioﾐ┗eヴgeﾐIe ﾏa┞ ﾐot 
happeﾐ ケuiIkl┞ eﾐough leadiﾐg to a suHpaヴ soluioﾐ. Theヴefoヴe, iﾐdiﾐg the ヴight leaヴﾐiﾐg ヴate is 
esseﾐial to eﾐsuヴe that a ﾏaIhiﾐe leaヴﾐiﾐg ﾏodel Ioﾐ┗eヴges eiIieﾐtl┞ aﾐd efeIi┗el┞ leaヴﾐs fヴoﾏ 
the tヴaiﾐiﾐg data, uliﾏatel┞ leadiﾐg to Heteヴ peヴfoヴﾏaﾐIe oﾐ uﾐseeﾐ data. 
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To deteヴﾏiﾐe the ﾏost efeIi┗e leaヴﾐiﾐg ヴate, I ┘ill He usiﾐg the OﾐeC┞IleL‘ P┞ToヴIh fuﾐIioﾐ. This 
takes iﾐ se┗eヴal paヴaﾏeteヴs, aﾐd pヴoduIes a d┞ﾐaﾏiI leaヴﾐiﾐg ヴate to use duヴiﾐg tヴaiﾐiﾐg iﾐ a siﾐgle 
I┞Ile, iﾐiiall┞ iﾐIヴeasiﾐg follo┘ed H┞ a Ioﾐsisteﾐt ヴeduIioﾐ. This allo┘s foヴ fasteヴ Ioﾐ┗eヴgeﾐIe to aﾐ 
opiﾏal soluioﾐ, ﾏeaﾐiﾐg less tヴaiﾐiﾐg iﾏe aﾐd a lo┘eヴ use of Ioﾏputaioﾐal ヴesouヴIes.  

Loggiﾐg Ruﾐs 

Foヴ this pヴojeIt I ┘ill He ﾏakiﾐg use of the ┘aﾐdH ふWeights & Biasesぶ plafoヴﾏ, ┘hiIh allo┘s foヴ eas┞ 
loggiﾐg of ヴesults aﾐd Iヴeates gヴaphs foヴ eaIh ﾏetヴiI fヴoﾏ eaIh ヴuﾐ. The ﾏaiﾐ ﾏetヴiIs to He 
ﾏeasuヴed ┘ill He the total loss foヴ eaIh suHseケueﾐt foヴ┘aヴds aﾐd HaIk┘aヴds pass, aloﾐgside 
iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ foヴ eaIh full pass foヴ Hoth the tヴaiﾐiﾐg aﾐd ┗alidaioﾐ set. This ┘ill allo┘ foヴ a 
ケuiIk aﾐd eas┞ Ioﾏpaヴisoﾐ Het┘eeﾐ ヴuﾐs, aﾐd a ケuiIk ideﾐiiIaioﾐ of aﾐ┞ issues iﾐ the tヴaiﾐiﾐg of 
ﾏ┞ ﾏodels.  
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Results 

 

Duヴiﾐg the Iouヴse of this pヴojeIt I ateﾏpted ﾏaﾐ┞ difeヴeﾐt tヴaiﾐiﾐg ヴuﾐs iﾐ oヴdeヴ to full┞ opiﾏise 
ﾏ┞ ﾏodel. This iﾐIluded Ihaﾐgiﾐg ﾏaﾐ┞ difeヴeﾐt ┗aヴiaHles ┘hiIh I ┘ill disIuss iﾐ this Ihapteヴ. While 
Ihaﾐgiﾐg oﾐe paヴaﾏeteヴ, it ┘as IヴiiIal to keep all otheヴ ┗aヴiaHles the saﾏe so as ﾐot to iﾐtヴoduIe 
otheヴ iﾐlueﾐIes. The ﾏaiﾐ ﾏetヴiIs to ﾏeasuヴe ┘eヴe the iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ ┗alues foヴ eaIh 
Ilass, aﾐd the o┗eヴall a┗eヴage ┗alue iﾐ aIIoヴdaﾐIe ┘ith ouヴ e┗aluaioﾐ ﾏetヴiIs. 

IﾐfeヴeﾐIe Tiﾏe 

The iﾏe takeﾐ to pヴoduIe a segﾏeﾐtaioﾐ of a gi┗eﾐ ultヴasouﾐd iﾏage ﾏust He Ilose eﾐough to ヴeal 
iﾏe to ヴuﾐ aloﾐgside aﾐ ultヴasouﾐd sIaﾐﾐeヴ oﾐ ﾏodest haヴd┘aヴe. Although deplo┞iﾐg this 
appliIaioﾐ ┘as He┞oﾐd the sIope of the pヴojeIt, a pヴojeIted taヴget ┘as a ヴuﾐiﾏe of uﾐdeヴ ヰ.ヵ 
seIoﾐds usiﾐg the opeﾐ ﾐeuヴal ﾐet┘oヴk e┝Ihaﾐge liHヴaヴ┞ aﾐd the CPU e┝eIuioﾐ pヴo┗ideヴ. The 
follo┘iﾐg ヴuﾐs ┘eヴe all ﾏeasuヴed to the ﾐeaヴest ﾏilliseIoﾐd foヴ the a┗eヴage iﾏiﾐgs, oﾐ ﾏodels ┘ith 
Α output Ihaﾐﾐels to ﾏiヴヴoヴ the ﾐuﾏHeヴ of Ilasses  

Usiﾐg the ﾏodel Iode foヴ the U-NET ン+ iﾐtヴoduItoヴ┞ papeヴ, ┘e oHtaiﾐ the follo┘iﾐg ヴesults ┘ith a 
‘GB Ihaﾐﾐel iﾐput iﾏage of size ヲヵヶ H┞ ヲヵヶ pi┝els. EaIh ヴuﾐ ┘as doﾐe ヱヰヰヰ iﾏes to eﾐsuヴe aﾐ 
aIIuヴate ﾏeasuヴeﾏeﾐt.  

Model Meaﾐ MilliseIoﾐds Per 
Segﾏeﾐtaioﾐ 

Staﾐdard De┗iaioﾐ 

U-NET ΒンΒ ヲΑΑ 

U-NET ン+ ヱΓヱΑ ヵヶヲ 

U-NET ン+ Deep Supeヴ┗isioﾐ ヲヰヵヶ ヱヵΓ 

U-NET ン+ Deep Supeヴ┗isioﾐ 
Class Guided Module 

ヱΓヴヴ ヲヰヱ 

 

E┗eﾐ ┘ith aIIouﾐiﾐg foヴ the uﾐpヴediItaHle ﾐatuヴe of ヴuﾐﾐiﾐg a pヴogヴaﾏ oﾐ a ﾏulipuヴpose de┗iIe, 
these ┗eヴsioﾐs pヴo┗ed to He Ioﾐsisteﾐtl┞ too slo┘ to He useful. Theヴefoヴe it ┘as ﾐeIessaヴ┞ to ﾏake 
ﾏodiiIaioﾐs to the ﾏodel Ilass.  

EaIh ﾏodel Ioﾐtaiﾐs a pヴeset ┗aヴiaHle to deteヴﾏiﾐe the ﾐuﾏHeヴ of ilteヴs foヴ eaIh la┞eヴ iﾐ the U-NET 
ﾏodel. These aヴe esseﾐiall┞ Ihaﾐﾐels iﾐ the ﾐet┘oヴk, aﾐd e┝tヴaIt featuヴes fヴoﾏ the ultヴasouﾐd sIaﾐ 
H┞ slidiﾐg o┗eヴ eaIh paヴt of the iﾏage. ‘eduIiﾐg these ┘ill sigﾐiiIaﾐtl┞ ヴeduIe the ﾐuﾏHeヴ of 
IalIulaioﾐs iﾐ┗ol┗ed iﾐ the ﾏodel aﾐd ┘ill theヴefoヴe lo┘eヴ the ヴuﾐ iﾏe. It ┘ill also ヴeduIe the 
aﾏouﾐt of ﾏeﾏoヴ┞ ﾐeeded, ┘hiIh Iould He iﾏpoヴtaﾐt depeﾐdiﾐg oﾐ the speIiiIaioﾐs of the de┗iIe 
it is ヴuﾐ oﾐ.  

‘eduIiﾐg the ﾐuﾏHeヴ of ilteヴs ┘as a ┗eヴ┞ ﾐatuヴal IhoiIe to iﾏpヴo┗e ﾏodel peヴfoヴﾏaﾐIe. The 
featuヴes ┘e aヴe e┝tヴaIiﾐg aヴe iﾐ geﾐeヴal geoﾏetヴiIall┞ siﾏple, aﾐd theヴefoヴe fe┘eヴ ilteヴs ┘ould He 
ﾐeeded to Iaptuヴe eﾐough iﾐfoヴﾏaioﾐ foヴ a good segﾏeﾐtaioﾐ. Ho┘e┗eヴ, it is iﾏpoヴtaﾐt to ﾐote 
that suIh a Ihaﾐge ﾏa┞ deIヴease the aIIuヴaI┞ of ouヴ ﾏodel. OﾐIe the ilteヴs ┘eヴe ヴeduIed H┞ half at 
eaIh le┗el of the U-NET ﾏodel, ┘e oHtaiﾐed the follo┘iﾐg iﾏiﾐg ヴesults.  
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Model ┘ith reduIed ilter 
sizes 

Meaﾐ MilliseIoﾐds Per 
Segﾏeﾐtaioﾐ 

Staﾐdard De┗iaioﾐ 

U-NET ヱヴヱ ヱヲ 

U-NET ン+ ヴヴヱ ヴΑ 

U-NET ン+ Deep Supeヴ┗isioﾐ ヴΑヴ ヲΒ 

U-NET ン+ Deep Supeヴ┗isioﾐ 
Class Guided Module 

ヵヱン ンヲ 

 

These ヴesults ┘eヴe geﾐeヴall┞ saisfaItoヴ┞, sho┘iﾐg aﾐ a┗eヴage peヴfoヴﾏaﾐIe uﾐdeヴ the goal of ヰ.ヵ 
seIoﾐds oヴ ヵヰヰ ﾏilliseIoﾐds. Ho┘e┗eヴ, these ヴesults ┘eヴe geﾐeヴated usiﾐg aﾐ iﾐput foヴ ‘GB iﾏages. 
This ﾏeaﾐs that eaIh pi┝el is ヴepヴeseﾐted H┞ a tuple of thヴee disiﾐIt ┗alues iﾐ the ヴaﾐge ヰ-ヲヵヵ. 
Ultヴasouﾐd iﾏages Heiﾐg eﾐiヴel┞ gヴe┞sIale, this seeﾏed uﾐﾐeIessaヴ┞. The follo┘iﾐg ヴesults ┘eヴe 
geﾐeヴated ┘ith a siﾐgle iﾐput Ihaﾐﾐel, ┗eヴsus a ﾏodel ┘ith thヴee iﾐput Ihaﾐﾐels.  

Model ┘ith reduIed ilter 
sizes aﾐd gra┞sIale iﾐput 

Meaﾐ MilliseIoﾐds Per 
Segﾏeﾐtaioﾐ 

Staﾐdard De┗iaioﾐ 

U-NET ヱヲヰ ヱヵ 

U-NET ン+ ヴヰΒ ンΑ 

U-NET ン+ Deep Supeヴ┗isioﾐ ヴヱΓ ンΒ 

U-NET ン+ Deep Supeヴ┗isioﾐ 
Class Guided Module 

ヴΑΒ ヲヴ 

 

I Helie┗e this is the ideal foヴﾏat of a U-NET ン+ ﾏodel foヴ ateﾏpiﾐg ﾐeaヴ ヴeal iﾏe segﾏeﾐtaioﾐ of 
luﾐg ultヴasouﾐd iﾏages, ┘ith the Hest ヴesults Ioﾐsisteﾐtl┞ uﾐdeヴ ヰ.ヵ seIoﾐds oﾐ a CPU e┝eIuioﾐ 
pヴo┗ideヴ.   

U-NET Veヴsioﾐs 

Oﾐe of the laヴgest Ioﾏpoﾐeﾐts of eaIh tヴaiﾐiﾐg ヴuﾐ is the ﾏodel aヴIhiteItuヴe. Iﾐ oヴdeヴ to full┞ 
e┝ploヴe difeヴeﾐt stヴuItuヴes, I tested se┗eヴal difeヴeﾐt ﾏodels tヴaiﾐed oﾐ difeヴeﾐt U-NET ┗eヴsioﾐs iﾐ 
oヴdeヴ to assess the segﾏeﾐtaioﾐ aIIuヴaI┞. All ヴuﾐs ┘eヴe doﾐe usiﾐg the hal┗ed ilteヴ aヴIhiteItuヴe 
aﾐd the saﾏe loss fuﾐIioﾐ.  

 

Model 
Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-Liﾐes B-Liﾐes Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

U-NET ヰ.ヵンΒ ヰ.ヶヶΓ ヰ.ΒΒヱ ヰ.ΓΑヶ ヰ.ヰン ヰ.ヱヵヶ ヰ.ヵヴヲ 

U-NET ン+ ヰ.ヵンΑ ヰ.ヶヵヴ ヰ.ΒΒヱ ヰ.ΓΑヶ ヰ.ヶΓΓ ヰ.ヶΑヶ ヰ.ΑンΑ 

U-NET ン+ 

Deep Sup 

ヰ.ΒヰΒ ヰ.ΒヲΒ ヰ.Γヶヱ ヰ.ΓΑヶ ヰ.Αンン ヰ.Αヰヵ ヰ.Βンヵ 

 

Theヴe is a ┗eヴ┞ Ileaヴ difeヴeﾐIe Het┘eeﾐ the difeヴeﾐt U-NET ┗eヴsioﾐ, ┘ith eaIh ﾏodel iﾏpヴo┗eﾏeﾐt 
Iaヴヴ┞iﾐg aﾐ o┗eヴall iﾏpヴo┗eﾏeﾐt iﾐ IOU. Although U-NET ン+ has a slight dip iﾐ A-Liﾐes aﾐd B-Liﾐes 
IOU, the iﾐIヴeased segﾏeﾐtaioﾐ of Hoth the Pleuヴa aﾐd ‘iHs ﾏoヴe thaﾐ ﾏake up foヴ this. This Iould 
He e┝plaiﾐed H┞ the ﾐeIessit┞ of kﾐo┘iﾐg the otheヴ iﾏage featuヴes iﾐ oヴdeヴ to IoヴヴeItl┞ Ilassif┞ a 
pi┝el as Pleuヴa aﾐd ‘iHs, aﾐd the iﾏpヴo┗ed skip IoﾐﾐeIioﾐs iﾐ U-NET ン+ Iould He pヴo┗idiﾐg this.  
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The deepl┞ supeヴ┗ised appヴoaIh sho┘s iﾏpヴo┗eﾏeﾐts aIヴoss all Ilasses, suggesiﾐg that it has 
┘oヴked ┘ell aﾐd is a useful addiioﾐ to the ﾏodel. This seeﾏs to ha┗e the gヴeatest efeIt oﾐ the 
Ilasses that ﾐeed the least aﾏouﾐt of ┘hole iﾏage iﾐfoヴﾏaioﾐ to ﾏake a IlassiiIaioﾐ. Coﾐsideヴiﾐg 
that the deepl┞ supeヴ┗ised appヴoaIh ┘oヴks H┞ updaiﾐg ﾏodel ┘eights fuヴtheヴ do┘ﾐ the ﾏodel path 
┘heヴe ﾏoヴe iﾐe gヴaiﾐed featuヴes aヴe pヴeseﾐt, this is ┘oヴkiﾐg as e┝peIted.  

Loss FuﾐIioﾐs 

The ﾐe┝t logiIal test is to ask ┘hiIh loss fuﾐIioﾐ ┘ill pヴoduIe the Hest ヴesults. Choosiﾐg the IoヴヴeIt 
loss fuﾐIioﾐ deteヴﾏiﾐes ho┘ the ﾏodel e┗aluates its o┘ﾐ peヴfoヴﾏaﾐIe, aﾐd ┘hiIh featuヴes it leaヴﾐs 
Hest. Huaﾐg, H. et al pヴoposed that U-NET ン+ should He tヴaiﾐed oﾐ a h┞Hヴid loss fuﾐIioﾐ, Ioﾐsisiﾐg 
of iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ loss, foIal loss aﾐd MS-SSIM loss. I felt it ﾐeIessaヴ┞ to e┝ploヴe this duヴiﾐg 
ﾏ┞ pヴojeIt. 

 

Loss 

Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

IﾐteヴseIioﾐ O┗eヴ 
Uﾐioﾐ ふIOUぶ 

ヰ.ヵンΒ ヰ.ΑΒΒ ヰ.ΒヵΓ ヰ.ΓΑヵ ヰ.ヰン ヰ.ヱヶヲ ヰ.ヵヵΓ 

Cヴoss Eﾐtヴop┞ ふCEぶ ヰ.ヵンΒ ヰ.ΑΓヴ ヰ.ΒΒヱ ヰ.ΓΑヶ ヰ.ヰン ヰ.ヱヵヶ ヰ.ヵヰヵ 

Muli SIale 
StヴuItuヴal 

Siﾏilaヴit┞ ふMS-
SIMぶ  

ヰ.ΑΓヶ ヰ.Βヲヴ ヰ.ΓヵΑ ヰ.ΓΑヶ ヰ.Αンヴ ヰ.Αヰン ヰ.Βンヱ 

JaIIaヴd ヰ.ΑΒΒ ヰ.ΑΒヴ ヰ.Γヶヱ ヰ.ΓΒΑ ヰ.ヶΒヲ ヰ.ヶヵヶ ヰ.ΑΓヵ 

FoIal 糠 = 岫ど.な, ど.の… 岻 紘 = に 

ヰ.ΑヶΓ ヰ.ΑΒヴ ヰ.Γヶヵ ヰ.ΓΑΒ ヰ.ヶヵΓ ヰ.ヶヵΑ ヰ.ΑΒΒ 

FoIal 糠 = 岫ど.な, ど.の… 岻 紘 = ぬ 

ヰ.ΑΒヶ ヰ.ΑΒヱ ヰ.Γヶヵ ヰ.ΓΑΑ ヰ.ヶヶヲ ヰ.ヶヵヱ ヰ.ΑΒΓ 

FoIal 糠 =ふヰ.ヱ, ヰ.ヵ …ぶ 紘 = ね 

ヰ.ΑΓヲ ヰ.ΑΒヱ ヰ.Γヶン ヰ.ΓΒヴ ヰ.ヶヵΑ ヰ.ヶヵヲ ヰ.Βヰヴ 

FoIal 糠 =ふ ヰ.ヱ, ヰ.Β, ヰ.Β, 
ヰ.Α, ヰ.Α, ヰ.ヵ, ヰ.ヵ, ぶ 紘 =ヲ 

ヰ.ΑΓヶ ヰ.ΑヶΒ ヰ.Γヶヴ ヰ.ΓΑヴ ヰ.ヶヲヲ ヰ.ヶヱΓ ヰ.ΑΓヰ 

FoIal 糠 =ふ ヰ.ヱ, ヰ.ン, ヰ.ン, 
ヰ.ヵ, ヰ.ヵ, ヰ.Α, ヰ.Αぶ 紘 =ヲ 

ヰ.ΑΒヶ ヰ.ΑΒヲ ヰ.Γヶヴ ヰ.ΓΒヴ ヰ.ヶΒヱ ヰ.ヶヵΑ ヰ.ΒヰΓ 

IOU, CE aﾐd MS-
SSIM 

ヰ.Αヶヱ ヰ.Βヱヲ ヰ.ΒΒヱ ヰ.ΓΑヶ ヰ.Αヱヱ ヰ.Αヰヶ ヰ.ΑΓン 

IOU, FoIal, aﾐd 
MS-SSIM 

ヰ.Βヰヵ ヰ.Βンヱ ヰ.ΓヵΑ ヰ.ΓΑヶ ヰ.Αンヴ ヰ.ΑヰΓ ヰ.Βンヵ 
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JaIIaヴd, FoIal aﾐd 
MS-SSIM 

ヰ.ΒヰΓ ヰ.Βヲヵ ヰ.ΓヶΑ ヰ.ΓΒヵ ヰ.ΑヲΒ ヰ.Αヰヵ ヰ.ΒンΑ 

 

Fヴoﾏ lookiﾐg at the ヴesults, Ileaヴl┞ IOU aﾐd Cヴoss Eﾐtヴop┞ loss aヴe suHpaヴ fuﾐIioﾐs, aﾐd Ioﾏpletel┞ 
fail to leaヴﾐ the ‘iHs aﾐd Pleuヴa Ilasses. Although JaIIaヴd loss is theoヴeiIall┞ IalIulated H┞ the saﾏe 
ﾏethod as IOU, ┘e Iaﾐ see that the iﾏpleﾏeﾐtaioﾐ H┞ Sil┗a, J. is ﾏuIh iﾏpヴo┗ed. This pヴoduIes a 
suiIieﾐt, Hut ﾐot opiﾏised ヴesult H┞ itself. Muli sIale stヴuItuヴal siﾏilaヴit┞ loss ho┘e┗eヴ pヴoduIes 
aﾐ e┝tヴeﾏel┞ good ヴesult, stヴoﾐgl┞ jusif┞iﾐg its plaIe as a Ioﾏpoﾐeﾐt of a h┞Hヴid loss fuﾐIioﾐ.  

Moヴe iﾐteヴesiﾐg ヴesults Ioﾏe fヴoﾏ the FoIal loss ヴuﾐs. We Iaﾐ see that the ┗aヴiaioﾐ of the gaﾏﾏa 
┗aヴiaHle has ┗eヴ┞ litle efeIt oﾐ the o┗eヴall IOU ┗alues. This suggests that the ﾏajoヴit┞ of iﾏages Iaﾐ 
He Ilassiied easil┞, aﾐd ouヴ ﾏodel is alヴead┞ peヴfoヴﾏiﾐg geﾐeヴall┞ ┘ell. Ho┘e┗eヴ ┘e Iaﾐ see soﾏe 
ﾏiﾐute o┗eヴall iﾏpヴo┗eﾏeﾐt foヴ a higheヴ gaﾏﾏa ┗alue of ヴ. 

Chaﾐgiﾐg the alpha ┗aヴiaHle also leads to a ﾏiﾐiﾏal Ihaﾐge iﾐ e┗aluaioﾐ. Fヴoﾏ ouヴ ヴesults so faヴ, ┘e 
Iaﾐ geﾐeヴall┞ sa┞ that the ﾏodels aヴe stヴuggliﾐg to segﾏeﾐt the ‘iHs aﾐd Pleuヴa Ilasses the ﾏost, 
┘hile the Coﾐsolidaioﾐs aﾐd Efusioﾐs aヴe the easiest, ┘ith A-Liﾐes aﾐd B-Liﾐes soﾏe┘heヴe iﾐ 
Het┘eeﾐ. Ho┘e┗eヴ, theヴe aヴe the ﾏost e┝aﾏples H┞ faヴ of the ‘iHs aﾐd Pleuヴa Ilasses, follo┘ed H┞ A-
Liﾐes aﾐd B-Liﾐes, aﾐd the fe┘est e┝aﾏples of Coﾐsolidaioﾐs aﾐd Efusioﾐs. The diiIult┞ of 
Ilassif┞iﾐg the ﾏoヴe Ioﾏﾏoﾐ Ilasses seeﾏs to He ヴoughl┞ HalaﾐIed out H┞ theiヴ pヴe┗aleﾐIe iﾐ the 
dataset, at least ┘ithiﾐ the foIal loss fuﾐIioﾐ. The Hest ヴesults ┘eヴe ┘ith aﾐ alpha ┗alue of  ふヰ.ヱ, ヰ.ン, 
ヰ.ン, ヰ.ヵ, ヰ.ヵ, ヰ.Α, ヰ.Αぶ, ┘hiIh aiﾏs to uﾐdeヴeﾏphasise the ﾏoヴe Ioﾏﾏoﾐ e┝aﾏples iﾐ the dataset. 
Ho┘e┗eヴ, this ┘as oﾐl┞ a ﾏaヴgiﾐal iﾏpヴo┗eﾏeﾐt of ヰ.ヰヲ. 

Withiﾐ the tested h┞Hヴid loss fuﾐIioﾐs, the lo┘est sIoヴiﾐg ┘as the IoﾏHiﾐaioﾐ of Iヴoss eﾐtヴop┞, 
iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ aﾐd ﾏuli sIale stヴuItuヴal siﾏilaヴit┞. This is uﾐsuヴpヴisiﾐg as foIal loss is iﾐ 
alﾏost all Iases aﾐ iﾏpヴo┗ed ┗eヴsioﾐ of Iヴoss eﾐtヴop┞ loss. The pヴoposed h┞Hヴid fuﾐIioﾐ foヴ U-NET 
ン+ of foIal, iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ aﾐd MS-SSIM ┘oヴks Heteヴ. Ho┘e┗eヴ the Hest ヴesults aヴe aIhie┗ed 
┘ith JaIIaヴd, foIal aﾐd MS-SSIM. Although this is oﾐl┞ a ヰ.ヰヰヲ iﾐIヴease, it suggests that theヴe is 
fuヴtheヴ opiﾏisaioﾐ possiHle H┞ iﾏpヴo┗iﾐg upoﾐ the IOU loss fuﾐIioﾐ. Theヴe aヴe se┗eヴal alteヴﾐai┗es 
┘ithiﾐ the liteヴatuヴe, aﾐd this is aﾐ iﾐteヴesiﾐg poiﾐt of iﾐ┗esigaioﾐ foヴ futuヴe ヴeseaヴIh.  

Colouヴ aﾐd Gヴa┞sIale 

With aﾐ iﾏpヴo┗ed pヴoIessiﾐg iﾏe foヴ gヴa┞sIale iﾏages o┗eヴ Iolouヴ iﾏages, it is ﾐeIessaヴ┞ to Ioﾐiヴﾏ 
┘hetheヴ theヴe is a difeヴeﾐIe Het┘eeﾐ gヴa┞sIale aﾐd Iolouヴ segﾏeﾐtaioﾐ ヴesults.  

 

Colour 

Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

Gヴa┞sIale ヰ.ΑΓヱ ヰ.Βヱヲ ヰ.ΓヵΒ ヰ.ΓΑヱ ヰ.Αンヰ ヰ.Αヱヴ ヰ.ΒヲΓ 

‘GB Colouヴ ヰ.Βヰヵ ヰ.Βンヱ ヰ.ΓヵΑ ヰ.ΓΑヶ ヰ.Αンヴ ヰ.ΑヰΓ ヰ.Βンヵ 

 

The ‘GB Iolouヴ sIale has a ┗eヴ┞ sﾏall a┗eヴage iﾏpヴo┗eﾏeﾐt of ヰ.ヰヰヶ IOU. Iﾐdi┗iduall┞ eaIh Ilass is 
segﾏeﾐted to a siﾏilaヴ ケualit┞, aﾐd Iaﾐ He IoﾐIluded that theヴe is litle to ﾐo Ihaﾐge iﾐ o┗eヴall 
segﾏeﾐtaioﾐ ヴesults. 
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Data Augﾏeﾐtaioﾐs 

I e┝peヴiﾏeﾐted ┘ith se┗eヴal difeヴeﾐt data augﾏeﾐtaioﾐs, ┘ith the goal of iﾏpヴo┗iﾐg the ヴoHustﾐess 
of the ﾏodel oﾐIe tヴaiﾐed.  

‘eleIioﾐ ┘as doﾐe oﾐl┞ aloﾐg the ┗eヴiIal ┞ a┝is, iﾐ oヴdeヴ to pヴeseヴ┗e the ヴelaioﾐship Het┘eeﾐ the 
Pleuヴal Liﾐe aﾐd the A-Liﾐes, aﾐd ヴotaioﾐ ┘as applied to a ﾏa┝iﾏuﾏ of ンヵ degヴees iﾐ eaIh diヴeIioﾐ, 
iﾐ oヴdeヴ to fuヴtheヴ pヴeseヴ┗e the ┗eヴiIal ヴelaioﾐship Het┘eeﾐ luﾐg aヴtefaIts.  

Coﾐtヴast aﾐd Hヴightﾐess is applied ┘ith a pヴoHaHilit┞ of ヱ to all pi┝els. Both ha┗e faItoヴ liﾏits of ヰ.ヲ iﾐ 
oヴdeヴ to pヴeseヴ┗e the iﾏage iﾐfoヴﾏaioﾐ. 

The Gaussiaﾐ ﾐoise added has a ﾏeaﾐ of ヰ, aﾐd a ┗aヴiaﾐIe liﾏit of ヲヰ foヴ a pi┝el Hヴightﾐess ┗alue. 
This is applied ┘ith pヴoHaHilit┞ ヱ to all pi┝els. 

 

Augﾏeﾐtaioﾐs 

Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

Noﾐe 

 

ヰ.ΒΓヱ ヰ.Βヶヵ ヰ.ΓΒン ヰ.ΓΑヶ ヰ.Βヶヰ ヰ.ΒヶΑ ヰ.ΓヰΑ 

‘otaioﾐ aﾐd 
VeヴiIal ‘eleIioﾐ 

ヰ.ΑΓヵ ヰ.Βヲン ヰ.ΓヵΑ ヰ.ΓΑヶ ヰ.Αンヱ ヰ.ΑヰΑ ヰ.ΒンΑ 

‘otaioﾐ, VeヴiIal 
‘eleIioﾐ, 

Bヴightﾐess aﾐd 
Coﾐtヴast 

ヰ.Αンヲ ヰ.Αンヴ ヰ.ΒΒヰ ヰ.ΓΑヶ ヰ.ヵΒヰ ヰ.ヵヶヴ ヰ.Αヶヲ 

‘otaioﾐ, VeヴiIal 
‘eleIioﾐ, 
Bヴightﾐess, 

Coﾐtヴast aﾐd 
Gaussiaﾐ Noise 

ヰ.ヶヴヰ ヰ.ヶヵΓ ヰ.ΒΒヱ ヰ.ΓΑヶ ヰ.ンヲΑ ヰ.ンヲン ヰ.ヶンヴ 

 

O┗eヴall, ┘e Iaﾐ see that the ﾏodel peヴfoヴﾏs sigﾐiiIaﾐtl┞ ┘oヴse depeﾐdiﾐg oﾐ the augﾏeﾐtaioﾐs 
applied. While Coﾐsolidaioﾐs aヴe sill easil┞ ideﾐiied ateヴ all data augﾏeﾐtaioﾐs, the a┗eヴage 
sufeヴs gヴeatl┞. ‘otaioﾐ aﾐd ヴeleIioﾐ aヴe failiﾐg to iﾏpヴo┗e the ﾏodelげs peヴfoヴﾏaﾐIe, although aヴe 
ﾏaiﾐl┞ Iausiﾐg haヴﾏ to the ideﾐiiIaioﾐ of the ‘iHs, Pleuヴa aﾐd A-Liﾐes. As these aヴe all geﾐeヴall┞ 
┗eヴiIal aヴtefaIts, it ┘ould He logiIal to suggest that this is Iaused H┞ o┗eヴ ヴotaioﾐ ヴatheヴ thaﾐ 
ヴeleIioﾐ.  

Addiioﾐall┞ Hヴightﾐess aﾐd Ioﾐtヴast afeIts all Ilasses otheヴ thaﾐ efusioﾐs, ヴeduIiﾐg the IOU ┗alue 
H┞ aヴouﾐd ヰ.ヱ eaIh. This seeﾏs to sho┘ that the iﾏages lose too ﾏuIh iﾐfoヴﾏaioﾐ H┞ ヴeduIiﾐg the 
Hヴightﾐess aﾐd Ioﾐtヴast, aﾐd theヴefoヴe the ﾏodel stヴuggles to leaヴﾐ a good segﾏeﾐtaioﾐ. 

Gaussiaﾐ ﾐoise agaiﾐ has ﾐo efeIt oﾐ the efusioﾐ Ilass, aﾐd e┗eﾐ slightl┞ iﾏpヴo┗es the Ioﾐsolidaioﾐ 
segﾏeﾐtaioﾐ. Ho┘e┗eヴ, this is easil┞ IouﾐteヴaIted H┞ the sigﾐiiIaﾐt IOU ヴeduIioﾐ iﾐ all the 
ヴeﾏaiﾐiﾐg segﾏeﾐtaioﾐ laHels. The iﾏpヴo┗eﾏeﾐt of the Coﾐsolidaioﾐs Ilass is a pヴoﾏisiﾐg sigﾐ 
ho┘e┗eヴ, Heiﾐg the oﾐl┞ diヴeIt iﾏpヴo┗eﾏeﾐt iﾐ segﾏeﾐtaioﾐ ヴesults fヴoﾏ ﾏ┞ applied 
augﾏeﾐtaioﾐs. 
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Iﾏage Size 

Due to the possiHilit┞ of iﾐIヴeasiﾐg oヴ ヴeduIiﾐg the iﾏage size duヴiﾐg pヴepヴoIessiﾐg, it is iﾏpoヴtaﾐt to 
e┝aﾏiﾐe the diヴeIt iﾏpaIt of Ihaﾐgiﾐg the size of the iﾏage fed iﾐto the ﾐet┘oヴk iﾐ oヴdeヴ to 
deteヴﾏiﾐe ┘hetheヴ aﾐ┞ poteﾐial iﾏpヴo┗eﾏeﾐts Iaﾐ He ﾏade. It is also possiHle duヴiﾐg tesiﾐg that 
┘e ﾏa┞ see eitheヴ a higheヴ oヴ lo┘eヴ iﾐfeヴeﾐIe iﾏe thaﾐ e┝peIted. If higheヴ, theﾐ the siﾏplest i┝ 
ﾏa┞ He to siﾏpl┞ ヴeduIe this iﾏage size, aﾐd if lo┘eヴ ┘e ﾏa┞ He aHle to iﾐIヴease the iﾏage 
diﾏeﾐsioﾐs iﾐ oヴdeヴ to iﾏpヴo┗e the segﾏeﾐtaioﾐ.  

 

NuﾏHer of Iﾏage 
Pi┝els ふHeight aﾐd 

Widthぶ 

Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

ヱヲΒ H┞ ヱヲΒ 

 

ヰ.ヶンン ヰ.ΑヱΑ ヰ.ΒΓΓ ヰ.ΓヰΓ ヰ.ヵヱΒ ヰ.ヴヴン ヰ.ヶンヵ 

ヲヵヶ H┞ ヲヵヶ ヰ.ΑΓヵ ヰ.Βヲン ヰ.ΓヵΑ ヰ.ΓΑヶ ヰ.Αンヱ ヰ.ΑヰΑ ヰ.ΒンΑ 

ンΒヴ H┞ ンΒヴ ヰ.ヶヴΑ ヰ.ΑヶΒ ヰ.Γヰヵ ヰ.ΓΑヶ ヰ.ヵヰΓ ヰ.ンΒン ヰ.ヶΓΒ 

ヵヱヲ H┞ ヵヱヲ ヰ.ヵヱΑ ヰ.ヵヱヵ ヰ.ΒΑΑ ヰ.ΓΑヶ ヰ.ヴヴΓ ヰ.ヱヵヶ ヰ.ヵΒヲ 

 

These ヴesults suggest that the pヴe┗iousl┞ pヴoposed ヲヵヶ H┞ ヲヵヶ diﾏeﾐsioﾐ iﾏage is Ilose to the 
opiﾏal. The lo┘eヴ ﾏodel tヴaiﾐed oﾐ a ヱヲΒ sケuaヴe pi┝el iﾏage does ﾐot appeaヴ to Iaptuヴe eﾐough 
details fヴoﾏ the souヴIe iﾏage, pヴoduIiﾐg a ┘oヴse segﾏeﾐtaioﾐ. Coﾐ┗eヴsel┞ the iﾐIヴease iﾐ iﾏage 
size does ﾐot appeaヴ to iﾐIヴease the segﾏeﾐtaioﾐ sigﾐiiIaﾐtl┞. 

Class Guided Module 

I also e┝peヴiﾏeﾐted ┘ith aﾐ iﾏpleﾏeﾐtaioﾐ of the Ilass guided ﾏodule ﾏodel foヴ ﾏuli laHel 
segﾏeﾐtaioﾐ, aﾐd Ioﾏpaヴed it agaiﾐst the saﾏe ﾏodel ┘ith ﾐo suIh ﾏodule. 

 

Model T┞pe 

Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

Deep Supeヴ┗isioﾐ 

 

ヰ.ΑΓΒ ヰ.Βヲヲ ヰ.ΓヴΑ ヰ.ΓΑヶ ヰ.Αンヵ ヰ.Αヰヵ ヰ.Βンヱ 

Deep Supeヴ┗isioﾐ 
aﾐd Class-Guided 

Module 

ヰ.ヵヰΓ ヰ.Αヱヰ ヰ.ΒΓヴ ヰ.ΓΒヰ ヰ.Αヱヶ ヰ.ヵヵΑ ヰ.ΑヲΒ 

 

These ヴesults ┘eヴe ┗eヴ┞ iﾐteヴesiﾐg. Oﾐ a┗eヴage, the segﾏeﾐtaioﾐ ヴesults dヴopped H┞ ヰ.ヱヰン IOU. 
Ho┘e┗eヴ, the Efusioﾐs Ilass ヴeIei┗ed a Hoost, ┘ith the Pleuヴa aﾐd Coﾐsolidaioﾐs Ilass ヴeﾏaiﾐiﾐg 
ヴoughl┞ eケui┗aleﾐt. Ho┘e┗eヴ A-Liﾐes aﾐd ‘iHs sa┘ ┗eヴ┞ sigﾐiiIaﾐt deIヴeases.  

Tヴaiﾐ Test Split 

Duヴiﾐg this ┘oヴk I used a ヴaﾐdoﾏised split fuﾐIioﾐ oﾐ ﾏ┞ dataset to sepaヴate theﾏ iﾐto a tヴaiﾐiﾐg 
aﾐd ┗alidaioﾐ set. Theヴefoヴe the ┗alidaioﾐ data ┘ould likel┞ ha┗e soﾏe iﾐstaﾐIes of ┗eヴ┞ siﾏilaヴ 
iﾏages ┘ithiﾐ the tヴaiﾐiﾐg data due to the saﾏe paieﾐts aﾐd ┗ideos Heiﾐg pヴeseﾐt iﾐ eaIh dataset.  
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To test foヴ the ﾏodel o┗eヴiiﾐg, I seleIted se┗eヴal paieﾐts to He ヴeﾏo┗ed eﾐiヴel┞ fヴoﾏ the tヴaiﾐiﾐg 
dataset. These paieﾐts ┘eヴe seleIted to pヴo┗ide Io┗eヴage of all difeヴeﾐt luﾐg ultヴasouﾐd aヴtefaIts, 
iﾐ oヴdeヴ to pヴo┗ide a ﾏeasuヴed esiﾏate of the ﾏodels aHilit┞ to segﾏeﾐt eaIh Ilass oﾐ a Ioﾏpletel┞ 
uﾐseeﾐ paieﾐt. 

The paieﾐts Ihoseﾐ ┘eヴe segPaieﾐtヰヰヰヰヰ, segPaieﾐtヰヰヰヰヴ, segPaieﾐtヰヰヰヰヶ, segPaieﾐtヰヰヰヰΒ aﾐd 
segPaieﾐtヰヰヰヵヱ. 

 

Dataset 
Class IﾐterseIioﾐ O┗er Uﾐioﾐ 

A-
Liﾐes 

B-
Liﾐes 

Coﾐsolidaioﾐs Efusioﾐs Pleura RiHs A┗erage 

Tヴaiﾐiﾐg 

 

ヰ.ΒンΓ ヰ.Βヲヱ ヰ.Γヵヵ ヰ.ΓΑン ヰ.Αンン ヰ.Αヱヵ ヰ.ΒンΓ 

‘aﾐdoﾏised 
Validaioﾐ 

ヰ.Βンヰ ヰ.Βヱヵ ヰ.Γヵヴ ヰ.ΓΑヱ ヰ.ΑヲΒ ヰ.Αヱヱ ヰ.Βンヵ 

SeleIted Holdout ヰ.ンΓヲ ヰ.ΒヴΑ ヰ.ΓΑΒ ヰ.ΓΒヶ ヰ.ヴΑヵ ヰ.ンヲヰ ヰ.ヶヶヶ 

 

The tヴaiﾐiﾐg set aﾐd ヴaﾐdoﾏised ┗alidaioﾐ set ha┗e a ┗eヴ┞ siﾏilaヴ aIIuヴaI┞, difeヴeﾐt oﾐl┞ H┞ ヰ.ヰヰヴ 
IOU. The difeヴeﾐIes iﾐ the seleIted holdout set aヴe dヴasiIall┞ difeヴeﾐt, ┘ith the Coﾐsolidaioﾐ, B-
Liﾐes aﾐd Efusioﾐs Ilasses peヴfoヴﾏiﾐg siﾏilaヴl┞ ┘ell to the ヴaﾐdoﾏised ┗alidaioﾐ aﾐd tヴaiﾐiﾐg sets. 
The A-Liﾐes, Pleuヴa aﾐd ‘iHs ho┘e┗eヴ dヴasiIall┞ uﾐdeヴpeヴfoヴﾏ, ┘ith aﾐ a┗eヴage difeヴeﾐIe Het┘eeﾐ 
the thヴee Ilasses of ヰ.ンヶヱ IOU Ioﾏpaヴed to the ヴaﾐdoﾏised ┗alidaioﾐ set.  
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CoﾐIlusioﾐ 

 

Fiﾐal E┗aluaioﾐ 

O┗eヴall the ﾏodels I ha┗e tヴaiﾐed o┗eヴ the Iouヴse of this pヴojeIt ha┗e peヴfoヴﾏed ┘ell, although sho┘ 
sigﾐs foヴ possiHle iﾏpヴo┗eﾏeﾐts. The Hest ﾏodels ┘eヴe tヴaiﾐed ┘ith the U-NET ン+ Deepl┞ Supeヴ┗ised 
ﾏodel, ┘ithout the use of the Ilass-guided ﾏodule. The ﾏodel took iﾐ a gヴa┞sIale iﾐput, aﾐd ヴesized 
the iﾐput iﾏages to ヲヵヶ H┞ ヲヵヶ pi┝els Hefoヴe pヴoIessiﾐg. This ﾏade use of a loss fuﾐIioﾐ Ioﾏpヴisiﾐg 
of foIal loss, JaIIaヴd loss aﾐd ﾏuli sIale stヴuItuヴal siﾏilaヴit┞ loss, all ┘ith eケual ┘eighiﾐg. The foIal 
loss paヴaﾏeteヴs had a gaﾏﾏa ┗alue of ヲ, aﾐd aﾐ alpha ┗alue of ヰ.ヱ foヴ the HaIkgヴouﾐd Ilass, ┘ith ヰ.ン 
foヴ ‘iHs aﾐd Pleuヴa, ヰ.ヵ foヴ A-Liﾐes aﾐd B-Liﾐes, aﾐd ヰ.Α foヴ Efusioﾐs aﾐd Coﾐsolidaioﾐs. The Hest 
ヴesults ┘eヴe oHtaiﾐed ┘ith ﾐo augﾏeﾐtaioﾐs, aﾐd ┘eヴe tヴaiﾐed usiﾐg a HatIh size of ヴ iﾏages 
thヴough ヲヵ epoIhs. Due to iﾏe aﾐd ヴesouヴIe Ioﾐstヴaiﾐts oﾐ the Iﾐtelligeﾐt Ultヴasouﾐd GPU Ilusteヴ, 
suIh a ﾏodel Iould ﾐot He tヴaiﾐed foヴ this pヴojeIt. Ho┘e┗eヴ, fヴoﾏ the ヴesults gatheヴed suIh a ﾏodel 
Iould He e┝peIted to ha┗e aﾐ a┗eヴage IOU segﾏeﾐtaioﾐ of Ilose to ヰ.Γ o┗eヴ all Ilasses oﾐ a 
ヴaﾐdoﾏised ┗alidaioﾐ dataset. The e┗aluaioﾐs foヴ the Coﾐsolidaioﾐ aﾐd Efusioﾐ Ilasses aヴe 
Ioﾐsisteﾐtl┞ o┗eヴ ヰ.Γヵ, ┘hile the ヴesults foヴ the B-Liﾐes aﾐd Pleuヴa aヴe Ioﾐsisteﾐtl┞ o┗eヴ ヰ.Β oﾐ suIh a 
ﾏodel. While the ‘iHs aﾐd A-Liﾐes Ilasses aヴe ﾏoヴe diiIult foヴ the ﾏodel to segﾏeﾐt, the┞ sill sho┘ 
o┗eヴ ヰ.Α aﾐd ヰ.Αヵ Ioﾐsisteﾐtl┞ oﾐ the Hest tヴaiﾐed ﾏodels.  

Oﾐe laヴge ケuesioﾐ is ho┘ suIh a ﾏodel ┘ill e┝teﾐd to a Ioﾏpletel┞ uﾐseeﾐ paieﾐt. The tests ヴuﾐ 
sho┘ that ┘e Iaﾐ He Ioﾐideﾐt iﾐ the segﾏeﾐtaioﾐ of the Coﾐsolidaioﾐ, Efusioﾐ aﾐd B-Liﾐes Ilasses 
sill, ho┘e┗eヴ the ‘iHs, Pleuヴa aﾐd A-Liﾐes sho┘ sigﾐiiIaﾐtl┞ ┘oヴse ヴesults ┘ith sigﾐs of the ﾏodel 
o┗eヴiiﾐg the dataset. Theヴe is sill sigﾐiiIaﾐt ┘oヴk to He doﾐe iﾐ eﾐsuヴiﾐg that good ヴesults aヴe 
possiHle oﾐ uﾐseeﾐ data, aﾐd a sﾏaヴt appヴoaIh to data augﾏeﾐtaioﾐ is ﾐeIessaヴ┞ keepiﾐg iﾐ ﾏiﾐd 
the pヴeseヴ┗aioﾐ of iﾐfoヴﾏaioﾐ ﾐeIessaヴ┞ to segﾏeﾐt these Ilasses iﾐ the oヴigiﾐal iﾏage. The 
de┗elopeヴ should also He ┘illiﾐg to saIヴiiIe soﾏe o┗eヴall IOU ヴesults iﾐ oヴdeヴ to eﾐsuヴe a Heteヴ it to 
uﾐseeﾐ data. The paieﾐt speIiiI holdout dataset ﾏeﾐioﾐed iﾐ the test seIioﾐ should also He 
IheIked aﾐd e┝paﾐded iﾐ oヴdeヴ to eﾐsuヴe that it ヴepヴeseﾐts the o┗eヴall dataset ┘ell, aﾐd does ﾐot 
Ioﾐtaiﾐ aﾐ┞ uﾐusual pateヴﾐs oヴ data poiﾐts that ﾏa┞ afeIt the segﾏeﾐtaioﾐ ヴesults.  

The iﾐal ﾏodel usiﾐg U-NET ン+ Deepl┞ Supeヴ┗ised aヴIhiteItuヴe, ┘ith a siﾐgle Ihaﾐﾐel iﾐput aﾐd 
se┗eﾐ Ihaﾐﾐel output Iaﾐ He e┝peIted to segﾏeﾐt iﾏages iﾐ ﾐeaヴ ヴeal iﾏe oﾐ ﾏodest haヴd┘aヴe. 
Coﾐiヴﾏaioﾐ of this ﾏust He aIケuiヴed thヴough ﾏoヴe thoヴough tesiﾐg of a deplo┞ed ﾏodel, ┘hiIh is 
He┞oﾐd the sIope of this pヴojeIt. 

This pヴojeIt also ﾏakes ﾐo assuﾏpioﾐs aHout the ﾏediIal ┗alue of eaIh Ilass laHel that is Heiﾐg 
segﾏeﾐted foヴ. Moヴeo┗eヴ, the ┗alue of eaIh luﾐg ultヴasouﾐd aヴtefaIt ﾏa┞ e┗eﾐ Ihaﾐge depeﾐdiﾐg oﾐ 
pヴioヴ ﾏediIal iﾐfoヴﾏaioﾐ e┝tヴaIted H┞ a ﾐoﾐ-ultヴasouﾐd ﾏediIal assessﾏeﾐt. Foヴ e┝aﾏple, a 
IliﾐiIiaﾐ ┘ill iﾐ ﾏost Iases He aHle to ideﾐif┞ the paieﾐtげs ヴiHs thヴough aﾐ e┝teヴﾐal iﾐspeIioﾐ of the 
toヴso, ┘ithout ﾐeIessitaiﾐg seeiﾐg theﾏ oﾐ the ultヴasouﾐd sIaﾐ. Thヴough the use of loss fuﾐIioﾐ 
adjustﾏeﾐts aﾐd ﾏeヴgiﾐg uﾐﾐeIessaヴ┞ Ilasses iﾐto the HaIkgヴouﾐd, the pヴoposed ﾏodel Iaﾐ He 
easil┞ ﾏodiied ┘ith pヴofessioﾐal ﾏediIal feedHaIk. 

Aﾐotheヴ uﾐfoヴtuﾐate loss of a staiI iﾏage appヴoaIh to luﾐg ultヴasouﾐd segﾏeﾐtaioﾐ is the loss of a 
d┞ﾐaﾏiI ┗ie┘ of the luﾐgs iﾐ ﾏoioﾐ. As the dataset aﾐd tヴaiﾐed ﾏodels oﾐl┞ leﾐd theﾏsel┗es to 
iﾐdi┗idual iﾏage segﾏeﾐtaioﾐs, theヴe is litle to ﾐo iﾐfoヴﾏaioﾐ gaiﾐed fヴoﾏ the Ioﾐiﾐuous 
pヴoIessiﾐg of IoﾐseIui┗e luﾐg iﾏages. The IliﾐiIiaﾐs ┗ie┘ of the d┞ﾐaﾏiI ﾏoioﾐ ﾏa┞ He eﾐhaﾐIed 
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H┞ ┗ie┘iﾐg aﾐ ultヴasouﾐd sIaﾐ ┘ith ヴeal iﾏe segﾏeﾐtaioﾐ, Hut this is also aﾐotheヴ a┗eﾐue foヴ 
fuヴtheヴ e┝ploヴaioﾐ.  

Uliﾏatel┞, ho┘e┗eヴ efeIi┗e the ﾏodel ﾏa┞ He it should He fuヴtheヴ stヴessed that it Iaﾐﾐot ヴeplaIe a 
tヴaiﾐed ﾏediIal pヴaIiioﾐeヴ. SuIh a tool does ﾐot possess the aHilit┞ to diagﾐose ﾏediIal Ioﾐdiioﾐs, 
┘hiIh ﾏust He ﾏade H┞ a pヴofessioﾐal. This tool ┘ill ho┘e┗eヴ He aHle to aid a IliﾐiIiaﾐ iﾐ ﾏakiﾐg 
suIh deIisioﾐs, easiﾐg tヴaiﾐiﾐg aﾐd iﾏpヴo┗iﾐg deIisioﾐ ﾏakiﾐg, leadiﾐg to Heteヴ paieﾐt Iaヴe.  

Futuヴe Woヴk 

Thヴoughout the Iouヴse of this pヴojeIt, I ┘as aHle to ideﾐif┞ a ヴaﾐge of poteﾐial aヴeas of 
iﾐ┗esigaioﾐ foヴ ﾏ┞ ┘oヴk that due to iﾏe Ioﾐstヴaiﾐts ┘as uﾐaHle to He Ioﾏpleted. Theヴe aヴe likel┞ 
to He ﾏethods that ┘ould fuヴtheヴ iﾐIヴease the aIIuヴaI┞ of ﾏ┞ iﾐal segﾏeﾐtaioﾐ, as ┘ell as ﾏake it 
ﾏoヴe useful foヴ ﾏediIal pヴaIiioﾐeヴs iﾐ poteﾐiall┞ e┗eヴ┞da┞ use. Addiioﾐall┞ theヴe aヴe soﾏe 
ヴeseaヴIh ケuesioﾐs that aヴe uﾐaﾐs┘eヴed, aﾐd ┘aヴヴaﾐt iﾐ┗esigaioﾐ.  

The Iﾐtelligeﾐt Ultヴasouﾐd dataset Ioﾐtaiﾐs a ┗eヴ┞ laヴge seleIioﾐ of iﾏages, ho┘e┗eヴ ﾐot all of these 
aヴe laHelled ┘ith aﾐ appヴo┗ed ﾏask. It ﾏa┞ He possiHle to use aﾐ uﾐsupeヴ┗ised ﾏaIhiﾐe leaヴﾐiﾐg 
appヴoaIh that does ﾐot ヴel┞ oﾐ laHelled data iﾐ oヴdeヴ to de┗elop a segﾏeﾐtaioﾐ ﾏodel. Thヴough the 
IoﾏHiﾐaioﾐ of ﾏ┞ supeヴ┗ised appヴoaIh aﾐd aﾐ uﾐsupeヴ┗ised ﾏethod, a fuヴtheヴ iﾏpヴo┗ed seﾏi 
supeヴ┗ised deep leaヴﾐiﾐg ﾏodel Iould ﾏake use of all the data a┗ailaHle aﾐd has the poteﾐial to 
iﾏpヴo┗e upoﾐ ﾏ┞ ヴesults.  

Addiioﾐall┞, fuヴtheヴ e┝peヴt appヴo┗ed iﾏage segﾏeﾐtaioﾐ ﾏasks Iould He Iヴeated foヴ the uﾐlaHelled 
data. I e┝peIt iﾐIoヴpoヴaiﾐg ﾐe┘ data ┘ould fuヴtheヴ iﾏpヴo┗e ﾏ┞ ﾏodel, ho┘e┗eヴ this is likel┞ to He a 
Iase of diﾏiﾐishiﾐg ヴetuヴﾐs. The dataset is alヴead┞ ケuite laヴge, aﾐd to see a sigﾐiiIaﾐt iﾏpヴo┗eﾏeﾐt 
iﾐ segﾏeﾐtaioﾐ aIIuヴaI┞ it is likel┞ that the dataset ┘ould ha┗e to He gヴeatl┞ e┝paﾐded. If this ┘as 
to He doﾐe, pヴioヴit┞ should He gi┗eﾐ to a seleIt ﾐuﾏHeヴ of iﾏages fヴoﾏ difeヴeﾐt paieﾐts aﾐd ┗ideos. 
This ┘ould iﾐIヴease the data di┗eヴsit┞ at the lo┘est efoヴt to segﾏeﾐt the data, ha┗iﾐg the gヴeatest 
poteﾐial efeIt oﾐ the ﾏodel.  

A fuヴtheヴ iﾏpヴo┗eﾏeﾐt of the dataset Iould He aﾐ efoヴt to disIeヴﾐ Het┘eeﾐ Coﾐlueﾐt B-Liﾐes aﾐd B-
Liﾐes as disiﾐIt Ilasses. It is uﾐIleaヴ the aﾏouﾐt of efoヴt ┗eヴsus the poteﾐial IliﾐiIal ヴe┘aヴd foヴ this 
task, ┘hiIh should He put to healthIaヴe pヴofessioﾐals Hefoヴe Heiﾐg deIided upoﾐ. Iﾐ┗esigaiﾐg the 
iﾏages ┘ith a gヴeateヴ height thaﾐ ┘idth Iould also iﾏpヴo┗e the dataset if the┞ Iaﾐ He ﾏodiied iﾐto a 
ヴoughl┞ uﾐifoヴﾏ pヴopoヴioﾐ ┘ith the ヴest of the data. This ┘ould allo┘ us to tヴaiﾐ the ﾏodel iﾐ a 
ﾏoヴe uﾐifoヴﾏ fashioﾐ, aﾐd e┝tヴaIt the saﾏe aﾏouﾐt of iﾐfoヴﾏaioﾐ fヴoﾏ eaIh iﾏage H┞ ┘aヴpiﾐg the 
oヴigiﾐal sIaﾐ less. Fuヴtheヴ to this poiﾐt, ideﾐif┞iﾐg ho┘ to get the ﾏa┝iﾏuﾏ aﾏouﾐt of iﾐfoヴﾏaioﾐ 
fヴoﾏ iﾏages ┘ith gヴeat ┗aヴiaioﾐs iﾐ pi┝el ﾐuﾏHeヴs is aﾐ iﾏpoヴtaﾐt task ┘ithiﾐ suIh a ┗aヴied dataset. 
Theヴe e┝ist a ヴaﾐge of augﾏeﾐtaioﾐs to adjust iﾏage ケualit┞ ┘hiIh Iould He useful. ho┘e┗eヴ if the 
aHsolute ﾐuﾏHeヴ of pi┝els dediIated to displa┞iﾐg the luﾐgs iﾐ these iﾏages aヴe all siﾏilaヴ, theﾐ a 
ﾏoヴe sophisiIated appヴoaIh ﾏa┞ He ヴeケuiヴed foヴ Iヴoppiﾐg out Ieヴtaiﾐ seIioﾐs of the HaIkgヴouﾐd 
Ilass.  

The use of the JaIIaヴd fuﾐIioﾐ iﾐ plaIe of iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ iﾐ the h┞Hヴid loss fuﾐIioﾐ 
suggests that theヴe Iould He a ﾏoヴe opiﾏal loss fuﾐIioﾐ. A ケuiIk seaヴIh of the liteヴatuヴe ofeヴs 
soﾏe siﾏilaヴ IOU Hased alteヴﾐai┗es, siﾏilaヴ to the iﾏpヴo┗eﾏeﾐt of usiﾐg foIal loss o┗eヴ Iヴoss 
eﾐtヴop┞ loss. Fuヴtheヴﾏoヴe, the staﾐdaloﾐe loss fuﾐIioﾐs iﾐ the h┞Hヴid loss pヴoduIe ┗eヴ┞ dissiﾏilaヴ 
aIIuヴaIies. This suggests that a ┘eighted h┞Hヴid loss fuﾐIioﾐ Iould pヴoduIe e┗eﾐ Heteヴ 
segﾏeﾐtaioﾐs. Usiﾐg soﾏe ┗alues 糠, 紅, 紘 sa┞ ┘e Iould deiﾐe ouヴ h┞Hヴid loss as Helo┘, gi┗iﾐg ﾏoヴe 
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┘eight to seeﾏiﾐgl┞ Heteヴ loss fuﾐIioﾐs. This ┘ould ヴeケuiヴe a laヴge ﾐuﾏHeヴ of ヴuﾐs iﾐ oヴdeヴ to iﾐd 
the opiﾏal ヴaios aﾐd Hest ヴesults. 健ℎ槻長追沈鳥 = 糠健沈墜通 + 紅健捗墜頂銚鎮 + 紘健陳鎚−鎚鎚沈陳 

Addiioﾐall┞, theヴe ﾏa┞ He fuヴtheヴ opiﾏisaioﾐs aIhie┗aHle H┞ Ioﾐiguヴiﾐg the alpha aﾐd gaﾏﾏa 
paヴaﾏeteヴs of the foIal loss fuﾐIioﾐ. Ho┘e┗eヴ it ﾏa┞ He ヴeケuiヴed to eﾏphasise Ieヴtaiﾐ Ilasses foヴ 
pヴaIiIal ヴeasoﾐs, iﾐIludiﾐg ho┘ IヴiiIal to paieﾐt Iaヴe ﾏisIlassif┞iﾐg a Ieヴtaiﾐ featuヴe Iould He.  

The Ilass guided ﾏodule sho┘ed aﾐ iﾏpヴo┗eﾏeﾐt foヴ soﾏe Ilasses, aﾐd ﾏa┞ sill He useful at a 
fuヴtheヴ poiﾐt iﾐ the pヴojeIt. Iﾐ geﾐeヴal, the ﾏodule aiﾏ to sol┗e the pヴoHleﾏ of ﾏoヴe aggヴessi┗e 
segﾏeﾐtaioﾐ that iﾐIoヴヴeItl┞ Ilassiies the iﾏages. Ho┘e┗eヴ, the ヴesults suggest that ﾏost Ilasses 
aヴe e┝peヴieﾐIiﾐg the opposite uﾐdeヴ segﾏeﾐtaioﾐ pヴoHleﾏ. If the ﾏodel ┘as iﾏpヴo┗ed to suIh aﾐ 
e┝teﾐt that it ┘as o┗eヴ segﾏeﾐiﾐg iﾏages, theﾐ this Iould He a useful tool iﾐ iﾏpヴo┗iﾐg ヴesults. Iﾐ 
the ﾏeaﾐiﾏe, it ﾏa┞ He possiHle to adjust the ﾏodel aヴIhiteItuヴe to oﾐl┞ pヴo┗ide the IlassiiIaioﾐ 
ﾏodule foヴ the Ilasses ┘heヴe ヴesults aヴe sho┘ﾐ to ha┗e Heeﾐ iﾏpヴo┗ed H┞ ヴeduIiﾐg the false posii┗e 
IlassiiIaioﾐ ヴate.  

A ┘ide ヴaﾐge of addiioﾐal data augﾏeﾐtaioﾐs aヴe a┗ailaHle aﾐd suitaHle to use foヴ luﾐg ultヴasouﾐd, 
aﾐd those used ┘ithiﾐ this pヴojeIt Iould He e┝paﾐded aﾐd iﾏpヴo┗ed upoﾐ. Theヴe aヴe ┗aヴious a┗eﾐues 
to e┝ploヴe ┘ithiﾐ the tヴaﾐsfoヴﾏs used iﾐ this pヴojeIt, aﾐd e┝paﾐdiﾐg this to iﾐIlude otheヴ 
augﾏeﾐtaioﾐ teIhﾐiケues.  

 The ﾏa┝iﾏuﾏ ヴotaioﾐ ┗alues aﾐd the pヴoHaHiliies of appl┞iﾐg ouヴ e┝isiﾐg tヴaﾐsfoヴﾏs Iould He 
opiﾏised. It seeﾏs that a ﾏa┝iﾏuﾏ ヴotaioﾐ of ンヵ degヴees is too high, aﾐd is leadiﾐg to ヴeduIed 
segﾏeﾐtaioﾐ ヴesults. Bヴightﾐess aﾐd Ioﾐtヴast Ihaﾐges sho┘ed ﾐo iﾏpヴo┗eﾏeﾐt, ho┘e┗eヴ ヴeduIiﾐg 
the pヴoHaHilit┞ aﾐd ﾏagﾐitude of these Ihaﾐges is sill ┘oヴth iﾐ┗esigaiﾐg foヴ iﾏpヴo┗eﾏeﾐts. 
IﾐtヴoduIiﾐg Gaussiaﾐ ﾐoise iﾐto the iﾏage sho┘s the poteﾐial to iﾐIヴease the ﾏodelげs ヴoHustﾐess, 
ho┘e┗eヴ the aﾏouﾐt of ﾐoise likel┞ ﾐeeds ヴeduIiﾐg. Theヴe aヴe also otheヴ ﾏethods a┗ailaHle to add 
ﾐoise iﾐto aﾐ iﾏage, ┘hiIh aヴe ┘oヴth e┝peヴiﾏeﾐiﾐg ┘ith.   

Theヴe aヴe also ﾏaﾐ┞ otheヴ augﾏeﾐtaioﾐ teIhﾐiケues ┘hiIh e┝ist iﾐ the liteヴatuヴe foヴ luﾐg iﾏage 
stヴuItuヴes aﾐd ultヴasouﾐds ┘hiIh should He ﾏoヴe thoヴoughl┞ iﾐ┗esigated to e┝paﾐd the a┗ailaHle 
data. A ヴaﾐdoﾏ Iヴoppiﾐg teIhﾐiケue Iould allo┘ us to fuヴtheヴ e┝paﾐd ouヴ dataset foヴ e┝aﾏple. 
Ho┘e┗eヴ this ┘ould ﾐeIessitate that the eﾐiヴe segﾏeﾐtaioﾐ ﾏask is pヴeseヴ┗ed iﾐ the ﾐe┘ iﾏage to 
allo┘ foヴ full sIale iﾐfoヴﾏaioﾐ, ┘hiIh is ヴeケuiヴed iﾐ oヴdeヴ to pヴopeヴl┞ Ilassif┞ paヴts of the iﾏage. Iﾐ 
geﾐeヴal ┘e Iaﾐ IoﾐIlude that foヴ ouヴ dataset ┘e ﾏust He ┗eヴ┞ Iaヴeful to pヴeseヴ┗e all the ﾐeIessaヴ┞ 
iﾐfoヴﾏaioﾐ ﾐeeded to segﾏeﾐt the iﾏage.  

As U-NET is oﾐl┞ oﾐe ﾏodel ┘ithiﾐ a Hヴoad ield of iﾏage segﾏeﾐtaioﾐ, it is iﾏpoヴtaﾐt to Ioﾐsideヴ a 
┘ide ヴaﾐge of possiHle ﾐeuヴal ﾐet┘oヴk stヴuItuヴes foヴ ouヴ ﾏodel. U-NET itself has ﾏaﾐ┞ difeヴeﾐt 
┗aヴiaﾐts, aﾐd a thoヴough e┝ploヴaioﾐ of the liteヴatuヴe ﾏa┞ sho┘ otheヴ iﾏpヴo┗eﾏeﾐts that Iaﾐ He 
iﾐIoヴpoヴated iﾐto the ﾏodel. Fuヴtheヴ eﾐhaﾐIeﾏeﾐts to the U-NET aヴIhiteItuヴe Iould Ioﾏe fヴoﾏ 
iﾏpヴo┗ed skip IoﾐﾐeIioﾐs aﾐd a fasteヴ pヴoIessiﾐg iﾏe. The dataset should also He e┝aﾏiﾐed ┘ith 
ヴespeIt to ﾏodels otheヴ thaﾐ U-NET iﾐ oヴdeヴ to full┞ uﾐdeヴstaﾐd the ad┗aﾐtages aﾐd disad┗aﾐtages 
of usiﾐg difeヴeﾐt aヴIhiteItuヴes H┞ Ioﾏpaヴiﾐg ヴesults, aﾐd U-NET should ﾐot He assuﾏed to He the 
ﾏodel t┞pe Hest suited to luﾐg ultヴasouﾐd segﾏeﾐtaioﾐ ┘ithout a full e┝ploヴaioﾐ of difeヴeﾐt 
aヴIhiteItuヴes oﾐ the dataset.  

Wheﾐ it Ioﾏes to assessiﾐg the ﾏodelげs peヴfoヴﾏaﾐIe, iﾐteヴseIioﾐ o┗eヴ uﾐioﾐ is a good Hut liﾏited 
ﾏetヴiI. Usiﾐg otheヴ ﾏethods of e┗aluaioﾐ Iaﾐ e┝pose deiIieﾐIies iﾐ segﾏeﾐtaioﾐ pヴediIioﾐs, aﾐd 
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a IoﾏHiﾐaioﾐ of fuﾐIioﾐs suIh as diIe IoeiIieﾐt aﾐd pヴeIisioﾐ Iaﾐ pヴo┗ide a ﾏoヴe Ioﾏpヴeheﾐsi┗e 
o┗eヴ┗ie┘ of the e┗aluaioﾐ, aﾐd aﾐ┞ futuヴe ┘oヴk should iﾐ┗esigate this aloﾐgside IOU. 

The pヴaIiIal puヴpose of this pヴojeIt ﾏust also He kept iﾐ ﾏiﾐd. Iﾐ oヴdeヴ to full┞ ﾏeasuヴe the suIIess 
of the pヴojeIt, it should He deplo┞ed aloﾐgside a staﾐdaヴd ultヴasouﾐd pヴoHe iﾐ oヴdeヴ to pヴopeヴl┞ 
assess the iﾐfeヴeﾐIe iﾏe of the ﾏodel. If it is peヴfoヴﾏiﾐg ﾏoヴe ケuiIkl┞ thaﾐ e┝peIted, it ﾏa┞ He 
possiHle to ﾏake the ﾏodel ﾏoヴe Ioﾏple┝ H┞ iﾐIヴeasiﾐg the iﾏage size oヴ ﾐuﾏHeヴ of ilteヴs. Like┘ise, 
if it is uﾐdeヴpeヴfoヴﾏiﾐg theﾐ the ﾏodel ﾏust He ﾏade siﾏpleヴ H┞ ヴeduIiﾐg these featuヴes.  

OﾐIe aﾐ appヴopヴiate ﾏodel ┘ith a suiIieﾐt iﾐfeヴeﾐIe iﾏe is deplo┞ed, theﾐ the ﾐe┝t step is to 
e┝aﾏiﾐe its usefulﾐess iﾐ ﾏediIal pヴaIiIe. B┞ assessiﾐg the tool iﾐ IliﾐiIal diagﾐosis aﾐd tヴaiﾐiﾐg, this 
Iould pヴo┗ide useful diヴeIioﾐs aHout ho┘ the ﾏodel ﾏa┞ He opiﾏised foヴ pヴaIiIal use H┞ IliﾐiIiaﾐs 
of ┗aヴ┞iﾐg e┝peヴieﾐIe. Withiﾐ paieﾐt Iaヴe, ┘e ﾏa┞ deIide to eﾏphasise a Ilass ┘ith ﾏoヴe IヴiiIal 
Iaヴe iﾏpliIaioﾐs, ┘hile saIヴiiIiﾐg otheヴs to iﾏpヴo┗e paieﾐt diagﾐosis. Siﾏilaヴl┞, a tヴaiﾐiﾐg ﾏodel 
ﾏa┞ Ihoose to foIus oﾐ ﾏoヴe Ioﾏﾏoﾐl┞ seeﾐ Ilasses iﾐ oヴdeヴ to guide the tヴaiﾐeeげs leaヴﾐiﾐg. This 
Iould He doﾐe H┞ ﾏeヴgiﾐg Ieヴtaiﾐ Ilasses iﾐto the HaIkgヴouﾐd if the┞ aヴe deeﾏed ﾐot useful, oヴ H┞ 
tヴaiﾐiﾐg ouヴ ﾏodel to foIus oﾐ Ieヴtaiﾐ aヴeas ﾏoヴe ┗ia the use of foIal loss paヴaﾏeteヴs. E┝peヴt 
feedHaIk aﾐd pヴaIiIe should He sought foヴ these deIisioﾐs iﾐ oヴdeヴ to eﾐsuヴe that aﾐ┞ Ihaﾐges ha┗e 
a posii┗e o┗eヴall efeIt.  

OﾐIe a good tool is a┗ailaHle aﾐd appヴo┗ed H┞ ﾏediIal pヴofessioﾐals, it ﾏust theﾐ He ﾏoヴe 
thoヴoughl┞ tested iﾐ paieﾐt Iaヴe. Foヴ e┝aﾏple, ┘e should seek to aﾐs┘eヴ ┘hetheヴ the tool Iaﾐ 
suIIessfull┞ segﾏeﾐt Ieヴtaiﾐ Ilasses iﾐ pヴaIiIal IliﾐiIal seiﾐgs. We should also ask ┘hetheヴ the tool 
segﾏeﾐts all paieﾐts to a siﾏilaヴ le┗el, oヴ ┘hetheヴ it falls shoヴt foヴ Ieヴtaiﾐ geﾐdeヴ, ethﾐiI oヴ age 
deﾏogヴaphiIs to ﾐaﾏe a fe┘. If the ﾏodel is ﾐot Ioﾐiヴﾏed to peヴfoヴﾏ ┘ell aIヴoss all soIietal gヴoups, 
theﾐ Ieヴtaiﾐ paieﾐts ┘ill ヴeIei┗e a difeヴeﾐt le┗el of Iaヴe ┘heﾐ usiﾐg the tool. CliﾐiIal tesiﾐg ┘ill also 
He helpful foヴ pヴo┗idiﾐg feedHaIk as to ┘hetheヴ the ﾏodel fails to segﾏeﾐt aﾐ┞ Ioﾏﾏoﾐ sIeﾐaヴios, 
aﾐd Iould pヴo┗ide iﾐsights of poteﾐiall┞ Ioﾏﾏoﾐ ﾏisIlassiiIaioﾐs oヴ gaps iﾐ the dataset. The 
o┗eヴall ヴoHustﾐess of the ﾏodel to ﾐe┘ aﾐd uﾐseeﾐ data Iould He ┗eヴ┞ Ioﾐideﾐtl┞ e┗aluated H┞ high 
ケualit┞ IliﾐiIal feedHaIk.  

ReseaヴIh CoﾐtヴiHuioﾐ 

This pヴojeIt has sho┘ﾐ that it is possiHle to Iヴeate a good deep leaヴﾐiﾐg ﾏodel iﾐ oヴdeヴ to segﾏeﾐt 
luﾐg ultヴasouﾐd iﾏages usiﾐg U-NET. We sho┘ a high IOU ヴesult foヴ eaIh Ilass siﾏultaﾐeousl┞, ┘ith 
the poteﾐial to segﾏeﾐt iﾐ ﾐeaヴ ヴeal iﾏe.  

Addiioﾐall┞ this pヴojeIt has Huilt upoﾐ the ヴesults pヴoposed foヴ U-NET ン+, sho┘iﾐg the a Ilass guided 
ﾏodule has liﾏitaioﾐs, aﾐd ﾏust He applied sﾏaヴtl┞ to a suitaHle segﾏeﾐtaioﾐ pヴoHleﾏ. 

This pヴojeIt has also pヴo┗ided a iヴst e┝ploヴaioﾐ of the laHelled poヴioﾐ of the luﾐg ultヴasouﾐd 
dataset. Due to the sheeヴ ﾐuﾏHeヴ of iﾏage saﾏples, this is a uﾐiケue IolleIioﾐ of iﾏages aﾐd 
e┗aluaiﾐg the dataset IヴiiIall┞ is iﾏpoヴtaﾐt iﾐ oヴdeヴ to e┝tヴaIt ﾏa┝iﾏuﾏ ┗alue fヴoﾏ it. O┗eヴ the 
Iouヴse of the pヴojeIt, I ha┗e sought to IヴiiIall┞ e┝aﾏiﾐe the data iﾐ oヴdeヴ to ideﾐif┞ Hoth its 
stヴeﾐgths aﾐd ┘eakﾐesses. Aﾐ┞ futuヴe useヴs of this dataset should He aHle to e┝aﾏiﾐe this ┘oヴk iﾐ 
oヴdeヴ to Huild upoﾐ ﾏ┞ pヴogヴess, aﾐd gaiﾐ a Heteヴ iﾐsight iﾐto ho┘ to use the data iﾐ oヴdeヴ to tヴaiﾐ 
ﾏaIhiﾐe leaヴﾐiﾐg ﾏodels.  

As theヴe aヴe ﾐo puHliIl┞ a┗ailaHle datasets of luﾐg ultヴasouﾐd iﾏages, theヴe is aﾐ aHseﾐIe of data 
dヴi┗eﾐ appヴoaIhes foヴ segﾏeﾐiﾐg these iﾏages iﾐ the liteヴatuヴe. This ┘oヴk has sho┘ﾐ that suIh aﾐ 
appヴoaIh is possiHle, aﾐd fuヴtheヴﾏoヴe Iaﾐ segﾏeﾐt suIh aﾐ iﾏage iﾐ Ilose to ヴeal iﾏe. The 
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de┗elopﾏeﾐt of ﾏaIhiﾐe leaヴﾐiﾐg appヴoaIhes foヴ segﾏeﾐiﾐg a luﾐg ultヴasouﾐd is theヴefoヴe a ﾐo┗el 
step foヴ┘aヴds iﾐ the liteヴatuヴe, aﾐd ﾏ┞ pヴojeIt suggests that theヴe is e┗eﾐ fuヴtheヴ pヴogヴess to He 
ﾏade iﾐ pヴoduIiﾐg aﾐ opiﾏal segﾏeﾐtaioﾐ. Iﾐ addiioﾐ, this appヴoaIh has foIused oﾐ segﾏeﾐiﾐg 
ﾏuliple difeヴeﾐt iﾏage featuヴes, ┘heヴe pヴioヴ ┘oヴk has foIused oﾐ a ﾏiﾐiﾏal ﾐuﾏHeヴ of disiﾐIt 
featuヴes. Ceヴtaiﾐl┞ the Iﾐtelligeﾐt Ultヴasouﾐd dataset is ┘oヴth e┝ploヴiﾐg fuヴtheヴ iﾐ oヴdeヴ to de┗elop 
aﾐ uﾐsupeヴ┗ised oヴ seﾏi supeヴ┗ised appヴoaIh. This uﾐdeヴsIoヴes the tヴaﾐsfoヴﾏai┗e ﾐatuヴe of 
aヴiiIial iﾐtelligeﾐIe tools aﾐd the poteﾐial of this pヴojeIt to diヴeItl┞ tヴaﾐsfoヴﾏ paieﾐt Iaヴe, H┞ 
iﾐIヴeasiﾐg the efeIi┗eﾐess aﾐd aIIuヴaI┞ of diagﾐosis ┗ia luﾐg ultヴasouﾐds.  
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