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Image-based Crowd Counting with Perspective Geometry
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Abstract: In this research, we propose a method to estimate the number of people in crowds by using a
smartphone camera. Our method uses a long shot of people crowds captured by a user above the ground
level. A native approach is to count people by applying image recognition algorithms based on image features
of a human. Actually, such an approach cannot achieve high accuracy because the edge of a human shape
is often obscured by others in crowds. Therefore, we take a different approach using detection of moving
object regions. The proposed method detects areas of moving objects by taking differences of consecutive
two images captured at a short interval. We regard the detected areas as people crowds assuming that people
are moving. We also build a model to estimate the occupied area size per person since it changes depend-
ing on camera height, and angle, positions in an image and moving directions due to perspective geometry.
The model is constructed through 3D simulations of walking pedestrians using the 3D simulator Unity. For
evaluation, we have applied the proposed method to images of people crowds simulated by on Unity and
captured near JR Osaka station. The result shows that the absolute error is 13.1% in simulations and 12.0%
those in the real world.
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Fig. 1 Example of pedestrian detection using HOG features.
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Fig. 2 Example of background subtraction and pedestrian de-

tection using HOG features.
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Fig. 3 Example of moving area detection.
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Fig. 4 Extracted moving area.
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Fig. 5 Moving area with 180° rotated vectors.

B 5 1R &9 7%, BEVHIL 180 FER% 5 2 ADHAT
FEEZDL., K5 DOEAEDND LT OMEEIZRLR L)5, A
DANOBE M % 180 s S &, BT OMIELZ LD ND
R L [F DHSIC T A 8T, EEADANOFH S IZFELD
DTHLEELZDLIENTE L0, BRI 180
Bz 2 N\OBREREZEEIF L TH DL ERETIENT
5. FWBEO y WO EDE U T, B IRAL
BIZHHRTH B NI, DA T0LOHEENIZIZE—TH 5
ERBTIENTELOWERDORKE S IR —L % 5.
L72h > T, 2SO ED S W{EHNOHR BB T H O
BYARSEIRERE 1255 LV, S o720 BB 360 BT
B0, 0FEDD 90 FED A DHFP 2 W FIZE T IV & SRS
T, $XTOBEFINIIH L TR T E R E 2 EZB T
&5,

el 72 & 912, WE O3S FR R BB 7 10 O By AR FEI
FEIZE L, 2 AMOMBEIIMEELRV., LoTET
VOERIZIE, ETOREy LB Lo ns
B ARFIR O HFE 20 L CROERDE 28 3 5. BifRsisug
3.2 Hi T2 HFEICHE - T 5. 55 W7o iEERE
RONIE B & OB 7R & R U CRIEZRG 2@
52 L CHRATHERRET VERSET 5. SMrEREET IV
T ABICE, BGEOmELNE yfie Lzl 2128
Ay e T AD) BAASVA Y REINL, FKiTE
HEETVICG2 5. BEITEIZE LT, [0,90] BEO#HiPH
THOLWALBEHIAIICOVWTETFT NV ERSET L EE T
LW, AR CIXHE O 72 DER T 2 €7V ORBE) 7 H)
% 0FE, 30F, 60FF, 00FED 4oL L, BEIHIADD bk
HbIEWAEL G2 5. WEEED LU EEz he BLU
0., Tr-BE AT 0, A\OWIEL LTRETOMEY y & F
B, F AR OFM O 720 VR S N7 BB B) 51075 4 F
B, W mEEN 4B X O E 2 6 FHEHOM AT
H BRI HHOET VNS, W, HE, BIUOBEHHN
HANELTRD IS OMEEIELINE 1 DDET IV
BN DT m(0,, he,0) £ET 5D, T, BYOEHT
POWET LI LEFHEL 7O THOEEE 3.5m &1 5.
BEIZDOWTIE, BITEDVD LBREOKE S THETRER
1BE2S5HFEFTCEZMEL, 3.5m 25 14m £ T3.5m %l
ATATFHOEEIZOWTETVEHET A, HEICOV
TIE, FAIERIZ X > TRIIZRSEES 5 &) % RS
WG S HRERE L S 25N 5 X ) ISHREEIT- 724

© 2017 Information Processing Society of Japan

6 0EDE SO REE

Fig. 6 Moving object area of 0° moving direction.
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Fig. 7 Example of moving area models (h. = 7.5m,
0. = 25 degrees).
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Fig. 8 Example of crowd block detection.
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Fig. 9 Example of optical flow detection in Unity simulation.
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Fig. 10 Actual # of people vs. estimated # of people.
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Fig. 11 Estimated # of people vs. actual # of people.
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R 1 RELMELEEIIBT S NBHEEDHNEE (%)
Table 1 Absolute error (%) in different camera height and an-

gle.
ol 3.5m | 7.0m | 10.5m | 14.0m
i iz
20 B 59.5 16.2 11.8 10.0
25 Ji 80.8 11.8 10.3 9.79
30 & - 11.7 9.85 8.39
35 Ji& - 13.0 | 8.69 8.45
40 J§ - 20.8 | 7.84 9.30
45 Ji§ - 43.3 18.2 9.41
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Fig. 12 Effect of camera altitude and tilt.
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Fig. 13 Correction example in 3.0 m camera height.
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Fig. 14 Overlapped image of input and detected moving object
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Fig. 15 Result of crowned counting in JR Osaka.
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Fig. 16 Example of detected moving areas in JR Osaka.
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