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Abstract Traditional inertial sensor based activity recognition methods in which multiple sensor
units are attached to the body is changing to accommodate the use of smart devices such as
smartphones and smartwatches. In this paper, we propose a multi-level fusion activity recognition
framework to recognize daily activities using smartphones and smartwatches which can be purchased
easily for minimum sensor based activity recognition. The proposed framework uses various types of
fusion techniques such as data fusion, feature fusion, and decision fusion. While the proposed
framework does not use common methods of decision fusion such as majority voting or weighted
voting, it does use posterior probability based fusion for better accuracy and confidence. Experiments
are conducted to compare results between using and not using the probability and between using and
not using each fusion technique. The results demonstrated the excellent performance of the proposed
framework.
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Fig. 1 Proposed multi-level fusion activity recognition framework
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Smartphone = {Xy1, Yo1, Zot, - Xpn, Ypn, Zpn)

Smartwatch = {Xw1, Ywi, Zwl, wooy Xwn, Ywn, Zwn)
Integrated = {Xu1, Yo, Zot, Xwi, Ywl, Zwl, oy Xopn,
Yon, Zpn, Xwn, Ywn, Zwn)
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SmartphoneFeature = {Xpe, Yopr, Zptt, ooy Xpfn, Yptn,
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Table 1 Example of posterior probability deduced from

single classifier

Stand| Walk | Sit | Run | Lie | Stretch |Sweep| Eat
Stand | 0.9 0 002 0 |0.03 0 0 0.05
Walk 0 0.91 0 1002] 0O 0.04 0.03 0

Sit | 0.06 0 |08 | 0 |0.03 0 0.01 |0.04
Run 0 0.01 0 |09 ] 0 0.03 0.01 0
Lie | 0.05 ] 001 |0.06] O |0.81 0 0 0.07

Stretch| 0 002 | 0 (004 O 0.88 0.05 | 0.01

Sweep| 0 0.01 | 0.01 |0.03]0.01 | 0.05 0.87 |0.02
Eat | 001 | 0.02 | O |0.06|0.01| 0.04 0.04 |0.82
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Table 2 Activity collection guideline

Guideline

Stand | - Standing at attention

Walk |- Walk with normal speed

- Sit still

- Place both arms on both knees

Sit

Run |- Light jogging
- Lie still

Lie .
- Keep the arms at attention
- Bend and unfold your upper body with your
Stretch
hands extended.
Sweep | - Sweep the floor with a mop
Eat - Eating with a spoon while sitting

S0hz2 X, Y, Z %% 27 5004 Skl & 329
15071 7H&% dlolHz a9tk +3¢ tolEE Ak
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Average Accuracy:0.93292

0.000 0.000 0.000 0.000 0.000 0.001 0.000 -

Lying [OXVVZ3 0.831 0.000 0.167 0.000 0.000 0.000 0.000 08
Running [V 0.000 0.000 0.004 0.000 0.000 0.000 0
B  0.054 0.075 0.000 0.000 0.000 0.000 0.000 o8
Standing [V 0.000 0.000 0.021 0.011 0.000 0.000 :j

Stretching VAV 0.000 0.000 0.002 0.006 0.988 0.003 0.000 03

Sweeping V] 0.000 0.000 0.000 0.046 0.108 0.846 0.000 0z

Walking [eX00E3 0.000 0.000 0.001 0.005 0.029 0.039 0.922

Ealing  lyng  Ruming  Siting  Standing Stelching Sweeping Walking

a9 2 R PS94 A BEE: 932929

Fig. 2 Activity recognition accuracy without using any
fusion: 93.292%

Average Accuracy:0.93714

Eating X 0.000 0.002 0.001 0.000 0.02 0.002

Lying 0.000 - 000 0000 0.000  0.000 08
Running 0.000 0000 0002 0000 0002 0000 07
Sitting 0.000  0.000 0014 0000 0001 0.001 -
05

Standing 0000 0.000 0.010 0013 0000 0.000 M)
0.002 0.008  0.000 03

Sweeping 0.000 0.000 0.000 0.000 0.056 EAZEE 0.001 02

0.1
0.002 0.005 0.010

Eating  Lying Running Sitting Standing Stretching Sweeping Walking

T3 3 ol R ARA] A9IQ1A] A3} S 93714%

Fig. 3 Activity recognition accuracy using only data fusion:
93.714%.

Stretching 0.000 0.000 0.001

Walking 0.000 0.000 0.000



Eating 0.000 0.000 0.001 0.000 A .
Lying [VXO0] m 0.000 | 0.261  0.000 . . 0.000
CULEE  0.000  0.000 0.000  0.002 A X 0.000

Sitting [ENWXVe¥3 0.007 0.000 0.000 - 0.000 0.000

EEUSIY 0.000 0.000 0.000 0.010 0.010 0.000 0.000

FE 0.002 0.000 0.000 O 0.002 0.005  0.000

EUCEMONY 0.000 0.000 0000 0000 0.000 0.029 EkIgEN 0.000

WETSSE 0.002 0000 0.000 0.000 0.002 0.004 0.004 [

Eating  Llying Running Sitting Standing Stretching Sweeping Walking

I8 4 57 FAT AR 9191A A FeE: 97.353%
Fig. 4 Activity recognition accuracy using only feature
fusion: 97.353%

Average Accuracy:0.97696

1
Eating 0.000 0.000 0.002 0.000 0.000 -
09
Lying V0] 0.000 0.261 0.000 0.000 X . 08
0.000 0.000 0.002  0.000 X X O
06

Sitting 00} 0.007 0.000 0.992 0.000 0.000 0 00
05

Standing VK 0.000 0.000 0010 [EOVEZIEE 0.009  0.000

Running [V

Stretching UKo A 0.000 0.000 0.002 0.992 0.006 0.000 03

0.000 0.000 0.010 0.000 02
0.1
0.000 0002 0001 0.000

Ealing  Lying Running Sitling Standing Stretching Sweeping Walking
7Y 5 velE % 54 FA A 9990A 2o Fw:
97.696%

Fig. 5 Activity recognition accuracy using both data fusion
and feature fusion: 97.696%

Sweeping [l0X X 0.000

Walking [IVK X 0.000

3 & B9 g90x A% A
Table 3 Activity recognition accuracy using probability

method
Use Only | Use Only | Use All Fusions
Use No
Fusion Data Feature (Data + Feature
Fusion Fusion + Decision)
SVM | 99.08% | 99.20% 99.49% 99.50%
DT 99.14% | 99.15% 99.65% 99.66%
KNN | 99.33% | 99.36% 99.60% 99.61%
LDA | 9849% | 98.58% 99.40% 99.41%

AFEEE W2 YN oA HdqstATh =S AN B R
ZIe dEHeE AHgEe M 7HA BR/7VISVM, DT
(Decision Tree), KNN (K-Nearest Neighbor), LDA
(Linear Discriminant Analysis))S AM&-3l.2 ™, KNN
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