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Human Skeleton Estimation Method Focusing on the Difference of Human Position and Action
from an Extremely Low-Resolution FIR Image Sequence

Saki IWATA, Yasutomo KAWANISHI, Daisuke DEGUCHI, Ichiro IDE, Hiroshi MURASE and Tomoyoshi AIZAWA

Elderly monitoring systems are gaining attention in the modern aging society. For the purpose, Far-InfraRed (FIR)
sensors are often used, because they can avoid privacy concerns and are robust to environmental lightings. The authors
have previously proposed several methods for human skeleton estimation from an extremely low-resolution FIR image
sequence whose resolution is 16 x 16 pixels. For more accurate estimation, this paper proposes a method that is robust
to variations of human positions and actions in the FIR sequences. Specifically, to extract features robust to the human
positions from the images by using a Convolutional Neural Network (CNN), a global max-pooling layer is inserted into
the last layer instead of multiple pooling layers which are not suitable for low-resolution inputs. Also, a network with two
branches is introduced that focuses on capturing spatial and temporal information respectively. Moreover, the network has
a weighted sum mechanism of their outputs, which depends on the human actions. For evaluation, a dataset was created
by capturing action sequences of a human at various positions in the FIR images. Through an experiment, we confirmed
that the human motion can be smoothly estimated and that the estimation accuracy is improved by the proposed method.

Key words: CNN, human skeleton estimation, low-resolution image, FIR image, elderly monitoring

m— .

0:

1. # = 100 B
WAE, HATREREEESSIEE B>oT w5, ARBIFICE 8 2001 ﬁ
AUE, 2018 4E 10 H 1 HEF A TOKALNICH LT 65 #LA LA 12 3001 Q
HHEZAOOB G281 %ot X558, 2Tk 0 4 8 12 4005 200 400

WELHY, SRLRIIEATEETFHIATSEY, 2065 4EIC (i) RGB image (ii) FIR image (iii) Joint points
IFEEOH 2.6 A2 1 AH 65 EE BE4E20FHT S L
WEINTHD., TOHRTE 75 B EOAODOHI AL 255 %
5, #9939 A1 AT A EICRD LG I TEY,
1 NS LETH2EMENHMTEEEZLNATVS D, &b
FZOMETEERES LOOIZE, BABREOHER: ¥ Bang
ORGP BETH Y, WEESEE 2SR E LR Y AT A
MEHINTVS, RSEY VAT AIZIF AL YRR a5E
W EHAEAET D0, BRICAEEHN A S & &L T L
W& E Ay, AMOFEERET S0 A TP RINTH
5. LU, HMGECHEEREORF2RETLZ &2,
TSANY— OGN HL. ZOLIBREFD VAT AR
R E DHFEEDEFTOFMNE REIEDI I 2E R
&, &0 Ml A AT R ORI AE S D EAEHEE O R A B
EBD.

ZFITHL2E, 10 OE>RY—2IZBWT, ®1G) D
& D RRFE O RIRNOIRE /346 % G T & Sk 7 L

Fig. 1 Example of a human in FIR image and its joint points
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Fig. 3 Process flow of the proposed method
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Table 1 RMSE of the ground truth and the estimation results (x 10~ %)

Human position 2 4 5 6 8 Average
Comparative method @ | 3.75 532 3.74 501 805 5.17
Action A Comparative method @ | 330 451 355 401 39 3.87
Proposed method 3.08 354 350 3.69 420 3.60
Comparative method @ | 491 678 339 745 496 | 5.50
Action B Comparative method @ | 3.07 558 317 594 457 4.47
Proposed method 306 495 329 502 357 3.98
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Table 2 Example of RGB images and skeleton estimations corresponding to the
representative PCA feature shown in Fig. 9 (iii)
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Fig. 10 Example of the skeleton of a standing moment in action A
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Fig. 11 Example of a sequence of consecutive frames in action B
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Table 3 RMSE of the ground truth and the estimation results (<10~ 2
with different network structures

Human position 2 4 6 8§ | Average
3D CNN method 347 405 405 440 393
Action A 3D+2D CNN method 308 344 353 405 352
Proposed (3D & 3D+2D) method | 308 3.54 369 420 3.60
3D CNN method 329 524 514 316 4.32
Action B 3D+2D CNN method 313 528 519 339 4.25
Proposed (3D & 3D+2D) method | 3.06 495 502 357 3.98

Table 4 RMSE of the ground truth and the estimation results (x 10~ 2y
when the value of A is changed

Human position 2 El 6 8 Average
A=0001 | 3.16 415 407 4.14 3.88

Action A A=0.01 3.08 354 3.69 420 3.63
A=0.1 3.15 4.08 438 396 3.89
A=0001 | 288 524 5.02 3.5l 4.16
Action B A=0.01 306 495 502 357 4.15

A=0.1 291 523 506 337 4.14
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Fig. 12 RMSE sequence in each frame of skeleton estimation and ground truth for Action A at human position 2 by the proposed method

Table 5 RMSE of the ground truth and the estimation results by the proposed
method (x1072)

Human position 2 4 6 8 | Average
Training dataa | 8.99 541 6.00 5.02 6.35
Action A Trainingdatab | 2,75 530 510 7.19 5.09
Training datac | 3.67 3.51 3.61 4.31 3.70
Trainingdataa | 11.4 11.5 849 5.57 9.25
Action B Trainingdatab | 2.97 536 6.64 4.65 491
Trainingdatac | 3.85 474 509 4.29 4.32

DN BT B HEELTHETHEEHEZILND.
FIT, ILEBMERE LT, ZHICHWET—4%

o« ¥WF—4& a: AP S
o FWF—Rb: AW 1,3,5
o« EP|F—& c: NWIHLIE 1,3,5,7,9

THHILAZEDIZREL, REFEONFMEEFEL A, 4 7
BB HER L Ak, Tl L HEEFSE RO RMSE 23 5 1ZmR 7.
EEL, TAENOFIICBIS, 28T —4 c 2 V43R
i, RIICBUMREFKRLALUTHS. ¥ETF—KRadk
X, WATHDOAIAE 2 IZBITEFENERIIKE Rk, #
FITd D NPT 8 Tk FIR MR 815 NhidEo i 5
HEPNI 02D, SEMIZE SN <RY, Fidlky &5
ERPILBoELEZEZLNS, 2HTF—2 b 2AVEES
&, FHF—RIBTLHPOHENRELRD D, N
2 12k BN E N < Bo/, EigENmE LTI,
N ZLDMBILBFET—2EHVEEYET—X c BiRdb &
KETH-oN.

X5, BEWTF— A2 PHCTREFRICL Y AWALR 2 12
BIISITH A CTEBIEELUAZMRLIHEDE T L —AILE
I7% RMSE &2 [t LAt D& 12 125RY. MLy, %
Br—42atHOEEE, ANIMPESTWS 2 X0 RMSE ([F
hO#BOEE) PRI AIWIEAahs. ZhidB 13 105
FTEO2FEHEFT—4 a (ANPALE 5) 1281 IO FIR {5

BBIT$R5E/Journal of the Japan Society for Precision Engineering Vol.87, No.1, 2021

(i) Sitting pose

(ii) Standing pose
at human position 2 at human position 5

Fig. 13 FIR image example at each human position

Table 6 RMSE of the ground truth and the estimation results for each joint

point (x 10~ %)
Joint point | Head Hand  Knee
RMSE | 364 390 386

Table 7 Variance of the RMSE of the ground truth of each part and the estimation
results (x10~)

b
1.85

Training data [ a
| 26.1

¢
1.23

Variance

DORALE, TAMT—4& (ANBALE 2) 1281 55RO FIR
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MTE-.
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