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ABSTRACT

This study examined the changes in the walking pattern during level walking under low illumination conditions. Fourteen male
subjects (22.142.21 years, 174+3.74 cm, 68.86+10.81 kg) with normal vision and no disabilities were enrolled in this study. All
experiments were performed on a level walkway with three conditions: normal walking (preferred & low speed) and walking with low
illumination. 3D motion capturing system was used for acquisition and analysis of the walking motion data with a sampling frequency
of 120Hz. The walking speed, normalized jerk(NJ) at the center of mass(COM), wrist and heel, knee and elbow joint angle, ratio of
the knee joint angle to elbow joint angle and the toe clearance on stance phase were used to compare the differences in walking
pattern between the two illumination conditions, The results showed that the walking speed and joint angles decreased in low
illumination, whereas the NJ and toe minimum clearance increased. In low illumination, most variables were similar to effects of low
speed walking, but toe clearance was different from the effects of low speed. These results can be used as primary data for examining
the changes in the level walking pattern of young adults under low illumination. Further study will be needed to compare these results

in young adults with those in the elderly.
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Table 1. Test procedure & intensity of illumination

Condition PWS
NW (>300 lux) 5 trials
WL (<10 Iux) 5 trials
LS (>300 lux) 5 trials

Note. NW : normal walking, WL : walking under low illumination,
LS : low speed walking, Intensity of illumination in parentheses.
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Figure 1. Marker set (anterior & posterior)
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gdzte] HaFzRe tigk 5 moH, o] F EAF7e 13
T2 FAAANA Q2] AHA XA K (heel strike, HS)F-E]
T 8% AW HAAAZAS B g 771 stride)Whe A
Lai9inh. 2747 Hlae YukRwolM9] Bal(normal walking,
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WD B3 £5o] 2 IS Aunr] g Ynkrwore]
Ld&E B3 (low speed nommal walking, LS)S A 4ai5}4ict

Bawole zwo] wfE MZwass AA 4 (center of
mass; COM)¥} 5017 (wrist), THHER] 2HA(hee) A jerk
7 0] &3 APA Amormalized jerk; NI)SF A1} s1x]¢] 7t
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Flash, 1995; Teulingsa, Contreras-Vidala, Stelmacha, & Adlerb,
1997). QWO A Fto] FE5F o] FEve
Ao AAg 4 A, 3T, H7E, o8 UG,
AAE, BPdAT, Stefanyshyn, 2006; Hreliac & Martin, 1993;
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Uil 250X HPNW)ZA Ble) e FTojxe] B
PWL)Z] HeYEE= <Table 2>9F 20| AR frofst
Al 23T p<.05).

Table 2. Walking speed

(unit: my/s)
AW WL
Walking speed 141 (0.199) 1.30 (0.183)*

Note. *significant difference between NW and WL at p<.05,
Standard deviation in parentheses.

2. 539 By

A Fudes BRI AtAL A <Table 3>3%
2t AAIE £59] Y9 (mediolateral, ML)H-S A2 g
AATA, BHEA], £59] BE WK anterior-posterior, AP)
U, el Hmedio-lateral, ML), 2)/dSH(vertical, VER)*}%
I AAALL el WL LSz M NWEAR T FA 4]
02 {olaHA F718IATHp<.05). WL Lsz7A7tel 207k 1t
ERd 112 gidch
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Table 3. Normalized jerk

NW WL LS

L 05 368 * 05 °

(5.6) 9.2 (27.5)

AP 141.7 1809 * 2379

Q) 46.3) (12.1)

COM 5
VER 197.1 3105 * 4325

(28.6) (180.6) (362.1)

el
346 516 * 70.1

ALL 6.7 (16.4) (58.9)

ML 140.5 207.7 * 205.7

272) (347 (782)

AP 489.0 880.1 * 843.0

(221.0) (161.5) (430.3)

Heel p
VER 260.6 405.6 * 3717

(66.3) 979 (198.7)

150.1 2307 * 2264

ALL (305) 400) o7.1)

ML 359 456 027

(14.5) (18.1) (149

AP 1195 s * 1300 °

) 40.3) (572) (51.6)

Wrist 3
VER 156.8 242 * 2193

@5.7) (72.8) (124.0)

0
44.0 515 549

ALL (153) @21 228)

Note. *significant difference between NW and WL at p<05, o
significant difference between NW and LS at p<.05, Standard deviation
in parentheses. ML: medio-lateral direction, AP: anterior-posterior
direction, VER: vertical direction, ALL: all direction

Table 4. Joint angles & Angle rate

(unit: deg)
NW WL LS
Knee angle 13.81 2.04) 1175 (L68)*  11.56 (1.33)a
Elbow angle 12.63 (3.56) 1059 3.10*  10.19 (2.84)a
KA/EA 1.19 (044 1.20 (041) 1.27 (0.58)

Note. *significant difference between NW and WL at p<035, 0
significant difference between NW and LS at p<05, Standard
deviation in parentheses. Knee angle : knee joint angle of right leg,
Elbow angle : elbow angle of left arm, KA/EA: rate of knee and
elbow joint angle
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4 Y I (Diff-ToeCln X FAIZL] 2ol S BR1atATHp<.05).
¥, WL LS7He] BE ®RlelA SAZCRE {3t alolg B
HATHp<.09).

Table 5. Toe clearance

(unit: cm)
NW WL LS
Max-ToeClr 1393 (3.33) 14.58 (2.28) 12.56 (2.57)3”&
Min-ToeClr 6.85 (1.08) 739 (0.59)* 6.87 (0.99)"¢
Diff-ToeClr 7.08 (2.61) 720 (2.20) 5.69 (1.95)8’St

Note. *significant difference between NW and WL at p<.05, 0
significant difference between NW and LS at p<.(05, ¢significant
difference between WL and LS at p<05, Standard deviation in
parentheses. Max-ToeClr: maximal value of toeclearance, Min-ToeClr:
minimal value of toeclearance, Diff-ToeClr: range of toe clearance

(Max-ToeClr)-(Max-ToeClr).
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