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Gait identification from invisible shadows
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Abstract This paper presents a shadow-based person identification technique robust to appearance change caused
by variations of clothes and carrying conditions. The person identification technique using invisible lights and shad-
ows has many advantages as invisible and undetected sensing. In addition, shadows on the ground casted by multiple
lights can be considered as silhouettes captured by virtual cameras at light positions. Therefore, multiple silhouettes
are virtually acquired by taking a shadow image with a ceiling camera. However, if the person wears clothes or
carries bags which were not appeared in the dataset, the identification performance is aggravated. To deal with
this problem, we introduce a new shadow-based identification technique robust to appearance changes. Firstly, we
divide a shadow image into several parts, and estimate the discrimination capability for each part based on gait
features between gallery datasets and probe dataset. Next, according to the estimated capability, the priorities of
these parts for the person identification are controlled adaptively. We constructed a new shadow database with a
variety of clothes and bags, and carried out experiments to verify the effectiveness of the proposed technique.
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Fig.1 Conventional shadow-based system [1].
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Fig.7 Examples of background subtraction.
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Fig.9 Example of division of shadow silhouette.
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Fig.10 (a) gallery datasets, (b) a probe dataset (carrying a bag).
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Fig.11 Examples of a combination of divided images.
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# 1 fEkTFE(L] 12X 2 IRSD-ST OfE AG#A [%).
Table 1 The correct classification rate with IRSD-ST by the con-
ventional method [1][%)].

J

N | 1 5 11 19 29 41 55

5 193.5] 99.5 | 99.5 | 99.5 | 99.5 | 99.5 | 99.5
10 | 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 99.5 | 99.5
151 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
20 | 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 99.5 | 99.5
25199.1 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
30 ] 99.1|100.0 | 100.0 | 99.5 | 100.0 | 100.0 | 99.5

# 2 (ERFIE[1] 12X D IRSD-BG OfE A##HA [%)].
Table 2 The correct classification rate with IRSD-BG by the con-
ventional method [1][%)].

N | 1 5 11 19 | 29 | 41 55

5 | 5.1 |16.7|24.5|30.6 | 39.8|45.4|50.5
10 | 10.2 | 26.9 | 31.0 | 49.1 | 52.8 | 54.2 | 62.5
15| 7.9 | 24.5 | 34.7 | 50.0 | 57.4 | 60.6 | 66.7
20| 9.7 | 30.1|36.6|52.8|67.6|66.2|69.4
25113.9 324|394 |588]|65.7|66.7 | 68.1
30| 12.0{33.3|40.3 | 54.6 | 67.1 | 68.5 | 71.8

# 3 PEKRTFILE[] 12X D IRSD-CL O NGB [%)].
Table 3 The correct classification rate with IRSD-CL by the con-
ventional method [1][%)].

N | 1 5 11 19 29 41 55

5 (79]13.0]13.9|204 278|324 |36.1
10| 7.9]12.5|15.7|20.4 | 28.7 | 28.7 | 31.5
15|83 ]13.0|21.3|25.5|26.9|28.2]30.1
20 | 8.3 |16.720.4 | 25.0 | 28.7 | 28.2 | 29.6
2518.3|15.7]24.1]23.6|28.2]30.6]|29.6
301 9.7|17.6 | 25.5 | 26.4 | 27.8 | 29.6 | 31.9




# 4 RETIEICLD IRSD-ST OfE A [%)].
Table 4 The correct classification rate with IRSD-ST by the pro-
posed method[%)].

J

N| 1 5 11 19 29 41 55
5193.5] 99.1 | 99.5 | 99.5 | 99.5 | 99.5 | 100.0
10 1 99.1 | 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
151 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
20 199.1 | 99.5 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
251 99.1 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
30(99.1| 99.5 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

# 5 RETIEICL D IRSD-BG OfEl GBI [%)].
Table 5 The correct classification rate with IRSD-BG by the pro-
posed method[%)].
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N| 1 5 11 19 29 | 41 55
5 | 5.1 |20.8|55.1|78.7|88.0(93.5]| 94.9
10 | 10.2 | 31.9 | 72.7 | 88.9 | 92.1 | 97.7 | 100.0
15| 7.9 [ 38.9|75.5]92.6 (954 |97.7| 99.5
20| 9.7 | 38.4]80.1|94.0 954|995 | 99.5
25113.9(34.3|81.9]94.9|96.8|99.1 | 100.0
30 12.0|37.5|829|97.2|96.8|99.5 | 100.0

# 6 METIEICLE D IRSD-CL OfE AR [%)].
Table 6 The correct classification rate with IRSD-CL by the pro-
posed method[%].

N |1 5 11 19 29 41 55

5 |7.9(10.6 | 12.0|17.1|23.6 |32.9 |44.4
101 79|13.4(204|24.5|31.5|41.2 | 44.4
15|83 | 11.1|20.8|29.6 | 38.0 | 46.8 | 51.9
20 |83 |11.1|24.1|33.841.2]49.1]56.0
2518.3|13.4]27.3|38.0|42.1|54.2|574
30(9.7]17.6 | 28.2|38.9|45.8|50.9|57.4

# 1~ %# 3 1L IRSD-ST, IRSD-BG, IRSD-CL (Zxf L T#
NENIERTIE[L] 20 L=k S, 4~ % 613 IRSD-ST,
IRSD-BG, IRSD-CL (&% L CENENIRE LA A L
RThsn. ZoW, JITHEAGDEICHWZHIEEE, N IX
AW 2R TET 74 v E— A NAEROEETH D
ERFER LD, BRFEMCETE] LV bEVikeIRs %z
BLTWDHZ L aMER L. L, KRBT — & _X— 2
Hp & FL70 2 58 OFBISRAMEN 200, ARAR O T Ok =: &
A L7, 727, J=55, N=25 & Liz. # 7R TFHEEE
RELY, FUrTx sy FORKRITEWEIS THANC I L T
DI EMGIoT. ZORNE LT, XU ¥y 7y Mo
KR LE, FAMERRIC R & BT D LEHORIREDR K
ENWZERFETFOEND. Thbh, HENRICESEEHND
TEHAGERBIClE, ETEEAEEROENERLIEYTHY, Ik
DOSNTLEVEAZEN TR, EAEE ORI
TT D10 THHEEZLND.

F 7 KEROFE ORI (%]
Table 7 Comparison of correct classification rate with IRSD-

CLI[%).

Down jacket | White coat | Coat
11.1 77.8 94.4
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