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Abstract

Segmenting the compartments of neurons, such as axons, dendrites, and cell bodies, is helpful in the analysis of neurological
phenomena. Recently, there have been several studies to segment the compartments through deep learning. However, this ap-
proach has the potential to include errors in the results due to noise in data and differences between training data and actual data.
Therefore, in order to use these for actual analysis, it is essential to proofread the results. The proofreading process requires a lot
of effort and time because an expert must perform it manually. We propose an interactive neuron structure proofreading method
that can more easily correct errors in the segmentation results of a deep learning. This method proofread the neuron structure
based on the characteristics of the neuron with structural consistency, so that a high-accuracy proofreading result can be obtained

with less interaction.

AYE: 77 72 2o

Keywords: Neuronal Structure Segmentation, Neuron Tracing, Visualization

? 24, 215}

Vol. 27, No. 4, P. 1~9

L. A8 7| glizel, Beld Wi £ dlolHo] JgS wol W]
w2l AA| ojul Aol A8 RE W) 07 EFT 5 9UrHd, 5]
_ L mebA ded e A4 B 28] s Ane
o2 @l olml Aol 4 S TP E ]9 e TG Releh UL DY A0l G 7 A
AL A2 BA]o] 20 T2 H|EFEejol e 2Ho] e so] L] s el el 1
ofLprh 1ETao@Tﬁkf)ﬁagﬁ¥}— #a
2o Thope A7k EA Aol glo] WaHelrt.

E
geld PAL 5o olefd 7S

tshiA =

502 Belshs A7)

*corresponding author: Won-Ki Jeong/korea University(wkjeong@korea.ac.kr)

Received : 2021.05.17./ Review completed : 1st 2021.06.08. / Accepted : 2021.08.25.

DOI : 10.15701/kegs.2021.27.4.1
ISSN : 1975-7883(Print)/2383-529X(Online)

-1-



rors
Le]
EWAT
chi HW/M%
%.?%w PE
ol ,_HW.._O.* o | o @M
Lmlﬂ_HHTum_E\_”_ﬂl 1:_.,|ﬂw,_1_,m
m_mnmup__ﬂoivua]u_ﬂo?
T < Hlnmo [ R o
) O 7 on p ﬁaa.o@l
EZEL w¢sgw?ﬁ¢%
= o W S W
%QMEHE%MOE %E%EMM @w_cz.
ﬂurmw_ mar;_urnmo W s 3 o P
2 g @ﬂwmmyﬂf %ﬁ%ﬂﬂ%%g%
23 ,WZE._LN_AT]M otll“.o_LOte_u Mﬂﬁ_.ﬂun
S 9 ﬂ::]ueﬂu,_oao ol chPﬂEmai __oﬂo%
E tEE Y ﬂ&mﬂ@ﬂﬂ%%
2 £ £y T 4 e %ESE}LI A
S < ) [EI= mj B o T ol 5 o
o = _L __oou_ #E M X T
2 5 ]a%,t g o O%Tnﬂﬂwiﬁiﬁ
§ 2 UL_nﬁm.%mTo_mx mawxl,ﬂﬂimjiﬂ
22 W&%%#%Nﬂ %L_Lma_ .%meo_%
S g i~ fﬂeﬂuj_._.,]l RO ﬂﬂﬂ_ol[in&ﬂ_% i.ﬁ_.,_,*
s 9 A — X .AL_x_ 0 ) = oS X I
[ =3 mﬁqw! ‘_,M,.J_Llp E] Eﬂo%cq_olw_kﬂa ﬂ_:T
£ 3 ﬂﬂﬂgﬁﬁsﬁ X ﬂﬂm1o%ﬁHL
s 2 R ot T ) ~ = ala
: 5 wmw%ﬂaﬁ% T @ﬁt%@ﬂ%y%
3 53 éaéwwmwm a ﬂ%ﬂg%% -
© = 7 v 0 3
: w,_w;_;ﬁo_mw - Y <z
E— 2 2 3 Wﬂo@,mﬂﬁﬁom‘_l% PRI E_emﬂ
o E & ﬂw_moa_eﬂoﬁﬂm.,uﬂql. N - ﬂﬂ,_
& m.m& Mgwmw@}uﬂw iﬂﬁ m_r_,a
.ndn oo# - o T = HE,LI N
3% 5 E}OaLMuo;ﬂa o 7 gl = U
e s3 3 %w;fmaa QET%M%@¢. B
23t QQ%PC% @@%U@%Q 3
s .,m.v.m ™ EL]o_ ﬂux%ﬂ%ﬂ‘ﬂo T
2 ) 4 %7& o 1A %Nrﬁaﬂ iy
o m.mm zﬂolllc._ao E_E}oﬁo S
: SiE wqﬁyﬁﬂ %%Wﬂ@ﬁﬂ <
2 w & 2 o@lAﬂwﬂmﬂ 30 o.p. E 70
C — r s N
> i3 % M%zﬁm;adqﬂq@% B E
£33 3 R oy Llodlma_:&:ﬂ_%ﬂe_a A
g2 1ﬁzﬂq,x_ﬁm _&&Lf]ﬂi T H
me.m < B E_EXEEATMzooﬂu‘ﬂev =
tut ,la_u#nio*,m ,_o‘._ﬁn_,A ﬂo|t17 T AHL
o T 3 Cle S R o ol i Ko m o o
. 4 Eg: %gﬂaqy%%gﬁzd%ﬁ o =
(] rnS =~ o~ 1 N
v £ £ wmm o%fﬁﬂ:?%%ﬂ.ﬂ?%ﬂﬁ - N L_u___ruhw
23 2 wmw Mm;meNQW@gzﬁﬂ 5 4053
£ g b mmM vmoﬁu:_nmlowﬁﬁﬂdwﬂL%M% o mﬂﬂ
tr - o I ﬂ_H__ )
" ; EFE ﬁgwqé%ﬂyﬁWﬂ%ﬁg m ¥ ® o
Z 2 B- =l 1 T i = 9 = o
=) 32 s = qk of 1 Ei:_ 0 ol
2E @pﬂ%ﬂﬂiww#mmgm i 5k
wmm W%frof_%,@l%ﬂ%%x%@% AN
azg 8 ﬁfﬂﬂix o) T ﬂ&n% T T
2 % = @AgmﬂéaLimﬁoawg
s / X A rﬁu_
35 g W_Lﬂplldmm:.ﬁﬂﬁtﬁﬂwz_.
5 25 ﬂﬂﬂ%aoi,_o %a%
3 .wYm iﬂﬂvﬂo&abﬁa I
\ = = 5ﬂﬁao_ho1;oﬂ
% ° mmw Ju,a‘_ﬂp_uxﬁ7
3 ZE g 1
z N\ 2 255 k¥
o ren
8 memm
b = .2
o
Q
oo
(=]
‘S
©
T

17h=0]
] BA
5 B

;‘(jo

Rl 2
FAIRE 7

<]

o} o

o}

S 5et:

_:401'21]

o

%

o]

—

=

Oq?j ﬂ:’]-

=
oy

[14]

AF, 742 =712}

b é_

9. 10]. o] ¢}
cHs. 9,

A Z A

hi

5t

)

17
=

—
i3

Z A}
A



7 PR
| Multiple label$in—_ /" |

| a single néurite \\' !
| \ !

(a) Neuron image (b) Neuron structure label

Figure 2: Data set used in the experiment - (a) neuron fluores-
cence microscopy image, (b) pre-segmented neuron structure label
through deep learning, (c) single neutire definition of this study,
and (d) predicted part of structure segmentation error.
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(b) Detected single neurite

(a) Error candidate detection
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(c) Next tracing point detection
& propagation

(d) Critical point
detection

(e) Single neurite
detection

Figure 3: Structure-based neuron tracing - (a) structure segmenta-
tion error candidate detection, (b) single neurite separation through
neuron tracing, (c) structure-based search area setting and neuron
tracing process, (d) crossing or branch part detection, (e) visual
guide for detected single neurite.
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b) Initial cost map (c) Initial tracing
result for weak signal

(a) Fragmented
structures

Positive
feedback

Low

M High
(e) Modified cost
map

(f) Modified tracing
result

(d) User interaction

Figure 4: User feedback-based cost map for neuron tracing - (a)
fragmented structure labels due to low signal, (b) initial cost map,
(c) initial tracing result through the initial cost map, (d) user feed-
backs to correct neuron tracing results, (e) modified cost map
through the user feedbacks, and (f) tracing result through the mod-
ified cost map.
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0.2, positive feedback

Cu(p) = < 1, no feedback (3)

5, negative feedback
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(a) Structure-based patch
E &

Dendrite: 70%
Axon: 30%
(b) Prediction for a patch

_»

(c) Ensemble
Dendrite: 80% result for Training
e patches

(d) Visual guide

(e) Corrected result

Figure 5: Structure correction process through deep learning - (a)
generation of structure-based patch through structure label, (b)
structure classification result for one patch, (c) ensemble result of
structure classification for all patches in a single neurite, (d) visual
guide through the structure classification result, and (e) structure
correction through user feedback.

(a) Image viewer

Nouran Channel Contral  Mito Channel Control  Label Contral |~ Corrector Control

Subset Generation

(b) Control panel

Figure 6: User interface to effectively utilize the proposed method.
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Figure 7: Examples of neuron structure proofreading workflow through the proposed method - (a) input dataset, (b) visual guide through
initial neuron tracing and structure classification prediction, (c,d,e) error correction scenarios through user feedback, and (f) corrected

result.
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Table 1: The results of the user study.

Manual label correction (ITK-SNAP [13]) Our Speed up
Time (s) RbA (%) SbA (%) Time (s) RbA (%) SbA (%)

User 1 Data set 1 335 74.28 75.86 248 74.04 72.41 1.35
Data set 2 421 64.49 60.00 287 64.00 62.00 1.47
User 2 Data set 1 259 62.03 58.62 114 59.98 51.72 2.27
Data set 2 317 57.15 46.00 219 58.41 44.00 1.45
User 3 Data set 1 197 70.08 72.41 121 76.36 79.31 1.63
Data set 2 217 64.76 72.00 163 65.07 60.00 1.33
User 4 Data set 1 338 86.81 82.76 377 89.71 93.10 0.90
Data set 2 499 84.43 84.00 419 86.34 84.00 1.19
User 5 Data set 1 293 91.29 93.10 328 91.33 93.10 0.89
Data set 2 553 89.87 92.00 435 94.30 94.00 1.27
User 6 Data set 1 451 83.46 86.21 334 84.73 86.21 1.35
Data set 2 543 77.53 72.00 425 76.07 86.00 1.28

*RbA: Region-based Accuracy, % x100%  SbA: Structure-based Accuracy, %—E * 100%
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