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1. Introduction
In recent years, people counting systems using image processing
technologies have been generally introduced because of the low-
priced and high-advanced cameras and computers. Obtaining the
number of people provides improvement on performance of many
systems. As an example, a system to count the number of people at
an elevator lobby is mentioned for efficient operation of elevators.
This paper proposes a method for counting people in an elevator
lobby based on two assumptions: heads of people exist around the
upper edge of the images of moving objects; and shape of the head
is circular. This paper shows that the method based on these as-
sumptions acquires high recognition rate.
2. Procedures for Counting People
The proposed method extracts the number of people from cam-
era images (Fig. 1(a)). The method is composed of the following
procedures.
(1) Moving objects are extracted by the background difference
method (Fig. 1(b)).
(2) Upper edge of the moving object is detected and the region
W, a square region for head detection, is defined around the
edge (Fig. 1(c)).

(a) An Example of input image. (b) Extraction of moving objects.

(c) Region around top of moving objects. (d) Head detection.

v

(f) Segmentation of moving objects.

(e) Determination of human region.

Fig.1. Example of processing images
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(3) Heads are detected from the region W in frame difference
image by Hough transform. Here, it is assumed that the
shape of the head is circular. False detection is strongly re-
duced by giving a limitation on the region for head detection
(Fig. 1(d)).

(4) Heads detected by Hough transform are tracked by optical
flow. Misdetection is avoided by keep tracking the heads.

(5) A human region is determined based on the position of
the detected head. The region has a shape of an ellipse and
its center position is geometrically estimated from the head
position (Fig. 1(e)).

(6) When the images of multiple people lap over, some im-
ages of moving object remain around the human region de-
termined in (5). Then, people around the human region are
counted by repeating the above procedures for the remained
images. As a result, the image of the moving object is seg-
mented to multiple human regions (Fig. 1(f)).

3. Experimental Verification

A video camera mounted on the wall above the elevator door was
used for experimental verification. Two kinds of experiments in dif-
ferent conditions were performed. The conditions are described as
follows.

(i) The height of the camera was 500 cm and up to 10 people

were waiting in the elevator hall.

(i) The height of the camera was 380 cm and up to 7 people

were waiting in the elevator hall.

Table 1 shows the results of the experiments. Here, A denotes the
real number of people manually counted from the video images. B
and C denote positive and negative error. Then, counting rate D is
derived by D = 1 — (B + C)/A. The counting rates D were 94.4%
and 92.6% in conditions (i) and (ii), respectively. The main cause
of the negative error was that the image in the segmented human
region became too small when the images of people were strongly
overlapped.

The result shows that the proposed system acquires high counting
rate and high reliability in an elevator lobby with many overlapped
images of people.

Table 1. Experimental result

case (1) (i)

Real number of people 4 179 217
Positive error B 2 3
Negative error C 8 13

Counting rate D [%] 94.4 92.6
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A Method for Counting People at Elevator Lobby Focusing on Top of Moving Objects

Toshiaki Tsuji*, Member, Hiroki Tashiro*, Non-member, Shigeru Abe*, Member

This paper proposes an image processing system for counting people at an elevator lobby viewed from an upper
oblique angle. The method is based on two assumptions: heads of people exist around the upper edge of the images
of moving objects; and shape of the head is circular. This paper shows that the method based on these assumptions
acquires high recognition rate and high reliability in an elevator lobby with many overlapped images of people.
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(b) Extraction of moving objects.
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(a) Example of input image.

(d) Head detection.

\

(f) Segmentation of moving objects.

(c) Region around top of moving objects.

(e) Determination of human region.

Fig. 1.

Example of processing images.
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(a) Example of input image. (b) Extraction of moving objects.

Fig.2. Region around top of moving objects.
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(a) Example of input image.
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(b) Observed person from ground level.

Fig.3. Relation between pj..s and reqq.
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(a) Example of difference image. (b) Difference image in W.

Fig.4. Head detection.
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(a) Features of head.

(b) Updating W.

Fig.5. Head tracking.
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(a) Example of input image. (b) Observed person from ground level.

Fig.6. Relation between C and G.
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(a) Center of ellipsoid.

(b) Long axis of

(c) Determination

ellipsoid. of ellipsoid.

Fig.7. Human ellipsoid model.

LG, C, UNBifg L CREICIHERT &2 5L, B, fHE
Huls C REAER O PULCHIE LT 5 b D &3 %, Fig. 6(b)
75 Gy ik QXN TEEND, TRy @IS O,
REODLE, G, 3 (1) RTHEND,

h
G, = (1 - ﬁ)(cx -0y)

Gyz(l—é%)ab—
Fig. 7(a) @ AW O .0 G 5B C 23R L7 b DT,
G L C 2 RNEMEERT 2HHOEH (Fig.7(b) &¥
%o ABfZETIE 0, =320, 0,=0 & %,

BHOERL #ED b, LIZADER, NPOFILG &
FEIE L C OB TR E NS, Fig.8(a) 13/ A T DHET
WAAES 2 NS5 % CTH D, Fig.8(b) 17 X T DHE
TIHFET N ((EARZERFE->7-A\W) 2EFETEL, K
W EDRSBE LT TH S, Fig.8(b) L W7 A FI1ZHLS
ADIER poic \EEBED NDIEI ryiere % VT (11) X CTHE
Ehb,

H
H-h
Dinick PEFEE qicv KO B o T EENO L
(Fig.6(a) ® O,) (W2 RIEOFHIZ A A T OEE ML 6,,,
VT, Hxtan(O) EEXSND o ppick DEIEEL Grnick
(12 RTEEND, 55, g EABORE k& F
—EDEE L7z,

N
H -tan@,,, .

[ L C SR O L G B OBEEE L guice 7 HI

Prhick =

Gihick =



T3 R THEEND,

h
b= 572 \(Co= G2+ (Cy = G + e -+ (13)

RIFFETIEADEATT DAY 2o T2 GE %
L, Fmie =55[cm] &L, O, =46[°] & L7z
EHOEE L, #ED Do I ZNDOREE raouger, NDIB
T CTOFE E hyouider EHVTED Do A1 A T 2L HE
EDELE Preaa % ROTZHA L FERICH X T 1205 N O
WM poroutaer @ KD B E (14) X THEENS,
H
H — hgpoutder

ls 0)@‘?‘2%“1 D shoulder @E%iﬁ( 4 shoulder k L, (15) it‘/c%
) ﬂ%o tﬁj’-;, 4 shoulder Li}\%ﬂ)ﬁﬁcl X Ej——‘%@fﬂ&
L7

Pshoulder = *Fshoulder * """ " (14)

M
2 - H - tan(B,.,/2)
AWFETII 2 FFO AN 7% E%FE L, Fohouder = 70 [cm],
Nghouider = 140 [cm] L7
FOEAOF.L (NoOFLG), Efll, B, EET
HHEAER L, AW E T2 (Fig. 7(c) o
(3:6) BENVMFEEOLBE  Fig.9@) DL ) IlHEL-
e N OBERGEEE S L, ANBEEHIIT %,
(1) E¥ PASEEICALE LTV 2 AWcxt L, JEERH
HWEED5 (Fig.9a)) o
(2) NT7EE W CHERE W N 7 L — ABZES
EEPHHEREHE LTHRIBEL, 1 ABO AW ZE
W35 (Fig.9(b))o
(3) M L7-3aE 5 AW (FBH) 21E$ 5, A
WsRISA M B BN ARSI 2 i U, BRI % 5

ls = {shoulder = * Pshoulder ** """ (15)

Camera

> m—
) Ll
T thick

»
>
)4

Prnick ;

(a) Example of input image.  (b) Observed person from ground level.

Fig.8. Thickness of human.

(a) Overlapped persons.

(b) Segmentation of moving object.
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Table 1. Experimental apparatus.

oS Microsoft Windows Vista
CPU Intel Celeron 2.8 GHz
Camera FUJIFILM FinePix S9000
Resolution 640 X480
Frame rate 10 fps

ﬁiﬁ

(c) Detection of overlapped people

Fig.9. Segmentation of moving object.
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Table 2. Evaluation index.
(1-(b+c)/a) x100

Counting rate(A)

Rate of P-error (B) b/ax100
Rate of N-error (C) c/ax100
Rate of overlapped persons (D) d/a x100

Counting rate of overlapped persons

® (1-¢/d)x100

Table 3. Experimental result.

case (i) (i)

Real number of people (a) 179 217
P-error (b) 2 3

N-error (¢) 8 13

Real number of (()glffrlapped persons 77 123
O-error (¢) 10 13

Counting rate A [%)] 94.4 92.6

Rate of P-error B [%] 1.1 1.4

Rate of N-error C [%)] 4.5 6.0

Rate of overlapped persons D[%] 43.0 50.7

Counting rate 011; ([)()\/A)firlapped persons 870 89.4
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(a) Miss detection. (b) Miss tracking.

Fig.10. Example of error cause.
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(a) Carrying baggage. (b) Carrying carriage.

(c) Running.

Fig. 11.

(d) Person with a cap.

Example of various persons.
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