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APPENDIX A
L1 NORM FORMULATION AS A LINEAR PROGRAM

Introducing, an auxiliary variable t ∈ (Z+)N , (5) is equiva-
lent to

min
s,t

N

∑
i=1

ti (A-1)

s.t. s j ∈ Z+, ∀ j, (A-2)
s.t. |ais− n̂i|6 ti, (A-3)

which can be rewritten in the form of a standard linear
program,

min
x

f T x s.t. Cx 6 b (A-4)

where

x =
[

s
t

]
∈ (Z+)M+N , f =

[
0M
1N

]
∈ ZM+N , (A-5)

C =

[
−A −IN
A −IN

]
∈ Z(M+N)×2N , b =

[
−n̂
n̂

]
∈ Z2N ,

(A-6)
and 0M is the vector of M zeros, 1N is the vector if N ones,
and IN is the N×N identity matrix.

APPENDIX B
ADDITIONAL RESULTS ON GRAND CENTRAL DATASET

Figure A-1 shows the temporal slice images and instanta-
neous counts for 3 lines in the Grand Central dataset. Figures
A-2 and A-3 show the cumulative count and instantaneous
counts on Grand Central.

APPENDIX C
RESULTS USING DPM DETECTION

Figure A-4 shows the DPM people detection results on the
temporal slice image for UCSD and LHI. Figure A-5 shows
the instantaneous and cumulative counting results.
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(a)

(b)

(c)

Fig. A-1. Results of instantaneous count estimation on Grand Central dataset: a) L1 frame 1 to 2000 and b) L4 frame 6001 to 8000 c) L8 frame 2001
to 4000. The image is a temporal-slice of the video on the LOI. The red and green segments correspond to crowds moving in different directions, and the
instantaneous count estimates appear above and below the image.
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Fig. A-2. Line counting results using LHOG and KLT on Grand Central dataset (lines L1-L3).
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Fig. A-3. Line counting results using LHOG and KLT on Grand Central dataset (lines L4-L8).
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(a)

(b)

Fig. A-4. DPM detector results on temporal slice image a) UCSD dataset, and b) LHI dataset.

UCSD LHI

0 200 400 600 800 1000 1200
0

50

100

frame number 

cu
m

ul
at

iv
e 

co
un

t

 

 

ground truth
detection

0 200 400 600 800 1000 1200
0

1

2

3

frame number 

in
st

an
ta

ne
ou

s 
co

un
t

 

 

detection
ground truth

0 200 400 600 800 1000 1200
0

20

40

60

frame number

cu
m

ul
at

iv
e 

co
un

t

 

 

ground truth
detection

0 200 400 600 800 1000 1200
0

1

2

3

frame number

in
st

an
ta

ne
ou

s 
co

un
t

 

 

detection
ground truth

Fig. A-5. Cumulative and instantaneous counting results for DPM on (left) UCSD, and (right) LHI datasets.


