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A Robust Deep Learning based Human Tracking
Framework in Crowded Environments
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Abstract: This paper presents a robust deep learning-based human tracking framework in crowded
environments. For practical human tracking applications, a target must be robustly tracked even in
undetected or overcrowded situations. The proposed framework consists of two parts: robust deep
learning-based human detection and tracking while recognizing the aforementioned situations. In the
former part, target candidates are detected using Detectron2, which is one of the powerful deep
learning tools, and their weights are computed and assigned. Subsequently, a candidate with the
highest weight is extracted and is utilized to track the target human using a Kalman filter. If the
bounding boxes of the extracted candidate and another candidate are overlapped, it is regarded as a
crowded situation. In this situation, the center information of the extracted candidate is compensated
using the state estimated prior to the crowded situation. When candidates are not detected from
Detectron2, it means that the target is completely occluded and the next state of the target is estimated
using the Kalman prediction step only. In two experiments, people wearing the same color clothes and
having a similar height roam around the given place by overlapping one another. The average error of
the proposed framework was measured and compared with one of the conventional approaches. In the
error result, the proposed framework showed its robustness in the crowded environments.
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[Fig. 1] The proposed framework
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[Table 1] A list of symbols and their definition

Symbol Definition

The state of the i-th candidate for center,
width and height at &

i i
Lk, candi> Yk, candi>

i i
W, candi > hk candi

% s % y> G s> 4., |Measurement of target at &

Tyy Yy Wy Estimation state at k

Trs Up» We» 1y Prediction state at k

Ty, Ypr Wy, By Estimated state prior to crowded situation

Ty or Ypo Compensated measurement for target center at &
Az, Ay Variation of target center at &
Awy, Ahy Variation of width and height at &
N The number of matched orb-features for the
k, candi i-th candidate at k&
W, conai The weight of the i-th candidate at &
Tpy1 ™ Ty
Az, = T , 1
Yer1— Yk
Ay = =, @
wk+l —w k
A= N @
by — Iy
Aby= =, @

x;«nan,di B w}f‘nan,di/Q < Z]\.T +Zl»u/2 < ‘T;g.mndi + w;g.cand1/2’ (5)

- wj\"‘randi/Q < Zkr _Zk 11,'/2 < Ijﬁ,mndi + U)jc‘,mndz/g’ (6)

i
Tk, candi

y;\ candi h;\ mn,di,/2 < Zk, y < y;{‘ candi + h;{‘ mndi/z' (7)

ARKe arelgor= 54 e =4 ogl(CTOWded situation)

3}-22 3k 23K (Non-crowded situation) 0. % F-F3}3ith =4t

S 150 s o] 3 sl e bk o
ot
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Detectron2+ Facebook Al Research (FAIR)1| 4] Mask R-CNN
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]}\1 27| =4 g A EH/\L,] X424 24 S 93 T 1
d7gell &-8-E

Detectron2ol 4] 18 FHA0 w s R cnas 2 T4
o lZ3] w, , by, O HIEo] A (8), (9)E WA 1%
Fawol 37 ool AR Basi

MUl

e

k candi
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i
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[Table 2] Algorithm for target detection

1: Input: d;v.dist’ Jl;xuw’dth’ d;‘-,hez‘ght’ ]V; I/I/Ij,mndi
2: Output: Target ID

3: If Eq. (8-9) is satified, then

s candi 9

4. fori<0toNdo
5: Vth candi = 0
6 . gist> D widins D, neign: cOmMputed

from Eq. (13-15)

7:  end for

8 meargmm(dk dist)

9’ Wn(‘andz Mfl(:andz + 1
100 n<—argmin(dy ,;4,,)
11: I/Vkﬂ candi - VVL;Lmdz + 1
12: o<—argmin(d), ;)
13: W:Landf(iwljmnd? +1
14: p<—argmax(N7 (undt)
15: I/Vkliwndi - I/Vkliwndi + 1

16: Target ID < argmaz (W ,.4)

17: If Target ID is not determined, then
18: d, computed from Eq. (16)

k,area

19: q“argrnm(dk wrea)

20: I/V;”I.mndi - I/V;”I.mndi + ]

21:  Target ID < argmaz( W, ,..)
22: endif

23: end if

d;«, dist — \/(JA’,; _x;f mndi)Z + (yk yk uuuh)2 s (13)
i w;«, candi
dk: width — 1- ~— 5 (]4)
Wy,
i h? candi
d}f,hcight =|1- boand 5 (15)
hk
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[Fig. 2] The compensation effect in a crowded situation. (a)
shows the estimated center x-y coordinate of a target without the
compensation process. (b) shows the estimated center x-y
coordinate of the target that is more accurately tracked by the
compensation process
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[Fig. 4] Experimental results using ORB feature matching: In
most cases, a target is well estimated, as shown in (a). But this
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[Table 3] Performance comparison between the proposed
method and the conventional approaches: results of %, ...,
(unit: pixel)

Conventional | Conventional Proposed

Method™¥ Method"’ Method
Experiment 1 86.7 1253 28.9
Experiment 2 76.0 119.2 12.6
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[Table 4] Peformance evaluation of human tracking according

to parameter a: results of %, ;.. (unit: pixel)
a=5% a=10% a=20%
Experiment 1 47.7 28.9 30.8
Experiment 2 13.1 12.6 25.8
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