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Security cameras in taxicabs with three rows of seating

Shengke Zeng ∗

National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention, USA

Taxicab security cameras are widely used to deter crimes against taxicab drivers in two-row-seating taxicabs. Some of these
cameras have difficulty for use in three-row-seating taxicabs due to increased distance between the camera and the third-row
seats. This project tested five sample taxicab security cameras with different image-sensor pixel counts to determine their
utility for three-row-seating taxicabs. The cameras videotaped a normalized camera resolution test chart mounted in the
third-row seat of a simulated three-row-seating taxicab in both daylight and dark (with infrared radiation) conditions. The
resolution of each camera was measured and compared with the resolution threshold for customer facial identification. A
dome-mounted camera with a standard-definition image-sensor is suggested as an effective camera in sustaining high camera
resolution with small data file size for facial identification in the third-row seats. The image-sensors with at least 1280 × 720
pixels are suggested for windshield-mounted cameras in three-row-seating taxicabs for facial identification.

Keywords: taxicab-driver homicide; taxicab security cameras; three-row-seating taxicabs; camera resolution; facial
identification; computer facial recognition

1. Introduction
Taxicab drivers are more likely to be victims of homi-
cide than workers of many other industry sectors. Based
on data from the Bureau of Labor Statistics, the homicide
rate in the taxi and limousine service (2.03 per 100,000
workers) was seven times greater than that of all work-
ers (0.29 per 100,000 workers) [1,2]. A National Institute
for Occupational Safety and Health (NIOSH) epidemiol-
ogy study showed that cities with taxicab security cam-
eras experienced a significant reduction in taxicab-driver
homicides [3]. NIOSH engineering studies quantified the
camera resolution requirement for a taxicab security cam-
era to provide sufficient customer facial detail for customer
facial identification [4,5]. This camera resolution threshold
could be applied to the security cameras used in differ-
ent types of taxicabs, including three-row-seating taxicabs,
such as minivans and SUVs, which have become popular
in the taxi industry. The three-row-seating taxicabs have
distinguishable geometric differences in the cab length with
an additional distance from the second-row seats to the
third-row seats. This added distance causes the camera res-
olution of a windshield-mounted camera to deteriorate in
the third-row seats. Some market-available taxicab secu-
rity cameras, which are designed to meet the minimum
camera resolution requirement for a two-row-seating taxi-
cab, might not necessarily meet the same camera resolution
requirement for the third-row seats in a three-row-seating
taxicab due to the extended camera-to-customer distance.

*Email: szeng@cdc.gov

It was necessary to evaluate the camera resolution perfor-
mance of taxicab security cameras in the third-row seats in
a three-row-seating taxicab.

Currently, there is no peer-reviewed published litera-
ture evaluating the technical effectiveness of taxicab secu-
rity cameras in three-row-seating taxicabs for safety or
crime deterrence. In addition, there is no national standard
or guidance document for selecting taxicab security cam-
eras in the USA. Only a few domestic and international
cities/states have issued specifications, reports or guidance
documents for taxicab security cameras [6–12], none of
which have any minimum performance requirements for
three-row-seating taxicabs.

In order to investigate the camera resolution perfor-
mance of taxicab security cameras in a three-row-seating
taxicab, five taxicab security cameras that were likely
to meet minimum camera resolution requirements in the
third-row seats were acquired for camera tests in two
extreme light conditions.

2. Methods/procedures
2.1. Procedures of security camera resolution tests in

three-row-seating taxicabs
The test procedures were designed to evaluate the camera
resolution of sample security cameras in the third-row seats
of a simulated three-row-seating taxicab for their compli-
ance with the minimum camera resolution requirements.
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Five sample taxicab security cameras with different image-
sensor pixel counts, mounted on the windshield or the
ceiling of the simulated taxicab, recorded in-cab images
with a specially designed normalized camera resolution
test chart mounted in a third-row seat. The camera resolu-
tion compliance was tested in two extreme light conditions,
bright sunny daylight and dark conditions with infrared
(IR) light-emitting diode (LED) radiation. In the post-test
data analysis, the test chart images were retrieved from
the captured cab images and the camera resolution was
measured by photographic quality test software. Each mea-
sured camera resolution was compared with the camera
resolution requirement for customer facial identification,
which was determined in a previous taxicab security cam-
era study [5]. The camera resolution was also compared
with the camera resolution threshold for computer facial
recognition.

2.2. Selection of taxicab security cameras for
evaluation

Five taxicab security cameras were selected for this study.
Four of the cameras were available on the US market,
and one was a prototype camera acquired from a taxicab
security camera manufacturer. Cameras C1 and C2 had
full high-definition (FHD) image-sensors (1920 × 1080
pixels). Camera C3 had a high-definition (HD) image-
sensor (1280 × 720 pixels). Camera C4 had dual standard-
definition image-sensors (2 × 720 × 572 pixels), with one
wide-angle lens focused on the front-seat customer/driver
and one telephoto lens focused on the rear-seat customers.
Camera-group C5 consisted of a standard-definition pri-
mary camera focused on the first-row and second-row
seats, and a standard-definition secondary dome-mounted
camera focused on the third-row seats. The pixel count
of the primary camera image-sensor was 720 × 584 pix-
els and for the dome camera was 976 × 494 pixels. The
features of cameras C1–C5 are presented in Table 1.

2.3. Normalized camera resolution and resolution
thresholds

To assess a taxicab security camera’s photographic capa-
bility, a previous taxicab security camera evaluation

conducted by the NIOSH determined the ‘normalized’
camera resolution threshold for a taxicab security camera
for effective in-cab customer facial identification [5]. The
normalized camera resolution of a taxicab security cam-
era determines the amount of facial detail of an in-cab
customer in either the front or back seat positions. The
normalized camera resolution in this study was defined
as the ‘number of linewidths per head height (LPHH)’
[4,5]. The head height was defined as 25.5 cm, which is
the head height (from the menton to the top of the head)
of a 99th-percentile male [13]. With the same normalized
camera resolution, when a customer sits in a front or back
seat, his/her head image would contain an equal amount
of facial detail. The normalized camera resolution varies
inversely with the distance between the camera and the
customer face, hence, the camera resolution in the third-
row seat would contain fewer LPHH than that in the front
seat. When a security camera is used in a three-row-seating
taxicab, the camera usually needs a higher pixel-count
image-sensor than in a two-row-seating taxicab in order
to maintain the normalized camera resolution on or above
the resolution threshold in all three rows of the seats. The
normalized camera resolution threshold for facial identi-
fication was determined in the previous taxicab security
camera study as 47.7 LPHH [5]. The normalized camera
resolution threshold for computer facial recognition was
determined as 64 vertical pixels with monochrome color
[14]. The vertical monochrome pixels could be converted
to an equal number of linewidths (64 LPHH) in this camera
resolution comparison [15].

2.4. Normalized camera resolution test chart and
resolution measurement

A normalized camera resolution test chart, as shown in
Figure 1, contains a slanted-edge dark stripe that was
designed to measure image resolution [16–18]. In order to
measure normalized camera resolution, the height of the
chart was designed as 25.5 cm, which is the head height of
a 99th-percentile male [13]. After the taxicab images were
videotaped by the sample cameras, the test chart image was
retrieved from the video clips and Imatest Master (Ver-
sion 4.1.8) photographic quality test software was used
to determine the camera resolution. Camera resolution is

Table 1. Features of sample cameras.

Image-sensor pixel count Image-sensor pixel count
Camera Image-sensor type Lenses (primary) (secondary)

1 Full high definition Single 1920 × 1080 –
2* Full high definition Single 1920 × 1080 –
3 High definition Single 1280 × 720 –
4 Standard definition Dual 720 × 572, wide angle 720 × 572, telephoto
5 Standard definition Dual 720 × 584 976 × 494, dome

Note: * Prototype camera.
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Figure 1. Normalized camera resolution test chart.

determined by measuring the modulation transfer function
(MTF) or spatial frequency response (SFR) of the slanted-
edge image. The MTF or SFR is a transfer function com-
monly used for defining the spatial resolution of an imag-
ing system [16,19–22], such as a taxicab security camera.
The camera resolution of the test chart was determined as
the spatial frequency of the measured MTF falls to 50%
from its peak. The unit of the normalized camera resolution
is LPHH as the height of the test chart is 25.5 cm.

2.5. Test setup
The taxicab security camera tests were conducted in a
simulated three-row-seating taxicab. The overall taxicab
seating configuration and dimensions are shown in Figure
2. All of the sample cameras, except the dome camera
of camera-group C5, were mounted on the windshield
near the rear-view mirror. The distance between the front
cameras and the test chart was 238 cm. The dome camera
of C5 was mounted on the ceiling of the vehicle near

the second-row seat and was 80 cm from the normalized
camera resolution test chart mounted in the middle of the
third-row seat. At this position, the camera’s angle of view
(81.2°) could cover all of the third-row-seating customers.
The test chart was mounted 21.3 cm in front of the head
rest of the third-row middle seat, which is the head length
of a 99th-percentile male [13].

2.6. Camera resolution tests in two extreme light
conditions

The resolution performance of the five sample cameras
were tested in two extreme light conditions measured
in lux (the International System of Units derived unit
of illuminance, 1 lux = 1 lumen/m2): L1, sunny daylight
(100,000 lux or above); L2, moonless dark (0–2 lux, with
only IR radiation from the camera’s built-in IR LEDs).
The test chart was indirectly illuminated by sunny day-
light in condition L1 and was radiated by each camera’s
IR LEDs in condition L2. Each camera captured a set of
at least five video frames of cab images in each of the
two light conditions. The mean resolution in condition L1,
mean resolution in condition L2 and total-mean resolution
in both conditions L1 and L2 were measured with Imat-
est Master, and then compared with the normalized camera
resolution threshold for facial identification. These normal-
ized mean camera resolutions were also compared with
the monochrome camera resolution threshold for computer
facial recognition. A camera passed the test if its mean
camera resolution was equal to or exceeded each of the
two resolution thresholds.

3. Results
Five taxicab security cameras were tested to measure
their normalized camera resolution (referred as ‘camera

Figure 2. Camera and test chart position inside the simulated three-row-seating taxicab.
Note: The full color version of this figure is available online.
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resolution’) in the third-row seat in conditions of both day-
light (L1) and dark with IR radiation (L2). Starting with
the camera that has the lowest camera resolution, Fig-
ures 3–7 illustrate the sample cab images captured by the
five sample cameras (C1–C5), with different image-sensor
pixel counts. As shown in Figure 3, camera C4 with dual
standard-definition image-sensors captured the image that
yielded the lowest camera resolution of 37.9 LPHH in dark

conditions. Camera C3 with an HD image-sensor mea-
sured a resolution of 47.6 LPHH in the image shown in
Figure 4. This resolution was close to the resolution thresh-
old of 47.7 LPHH for facial identification. Figures 5 and 6
illustrate the camera resolutions of 58.3 and 62.0 LPHH,
which were observed on the images captured by cameras
C1 and C2, both with FHD image-sensors. The highest
camera resolution (65.3 LPHH) was observed in the image

Figure 3. Video image captured by camera C4 (dual standard-definition image-sensors) and the resolution measurement charts. The
SFR (MTF)–frequency chart shows a measured resolution of 37.9 LPHH, which is the spatial frequency as the MTF falls to 50% from
its peak (MTF50P).
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LPHH = linewidths per head height; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light,
dark levels; LW/PH = linewidth per picture height; Max f = maximum frequency; Max plot f = maximum plot frequency;
Mpxls = megapixels; MTF = modulation transfer function; MTF30 = spatial frequency where the system response is 30% of the
baseline low frequency; MTF50 = spatial frequency where the system response is 50% of the baseline low frequency;
MTF50P = spatial frequency where MTF drops from peak value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency;
PH = picture height; pxls = pixels; RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical
w/NR = vertical with noise reduction; W×H = width × height; Whole img = whole image.

Figure 4. Video image captured by camera C3 equipped with a high-definition image-sensor. The SFR (MTF)–frequency chart shows
a measured resolution of 47.6 LPHH, which is close to the camera resolution threshold for facial identification (47.7 LPHH).
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LPHH = linewidths per head height; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light,
dark levels; LW/PH = linewidth per picture height; Max f = maximum frequency; Max plot f = maximum plot frequency;
Mpxls = megapixels; MTF = modulation transfer function; MTF30 = spatial frequency where the system response is 30% of the
baseline low frequency; MTF50 = spatial frequency where the system response is 50% of the baseline low frequency;
MTF50P = spatial frequency where MTF drops from peak value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency;
PH = picture height; pxls = pixels; RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical
w/NR = vertical with noise reduction; W×H = width × height; Whole img = whole image.
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Figure 5. Video image captured by camera C1 equipped with a full high-definition image-sensor. The SFR (MTF)–frequency chart
shows a measured resolution of 58.3 LPHH.
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LPHH = linewidths per head height; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light,
dark levels; LW/PH = linewidth per picture height; Max f = maximum frequency; Max plot f = maximum plot frequency;
Mpxls = megapixels; MTF = modulation transfer function; MTF30 = spatial frequency where the system response is 30% of the
baseline low frequency; MTF50 = spatial frequency where the system response is 50% of the baseline low frequency;
MTF50P = spatial frequency where MTF drops from peak value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency;
PH = picture height; pxls = pixels; RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical
w/NR = vertical with noise reduction; W×H = width × height; Whole img = whole image.

Figure 6. Video image captured by camera C2 equipped with a full high-definition image-sensor. The SFR (MTF)–frequency chart
shows a measured resolution of 62.0 LPHH.
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LPHH = linewidths per head height; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light,
dark levels; LW/PH = linewidth per picture height; Max f = maximum frequency; Max plot f = maximum plot frequency;
Mpxls = megapixels; MTF = modulation transfer function; MTF30 = spatial frequency where the system response is 30% of the
baseline low frequency; MTF50 = spatial frequency where the system response is 50% of the baseline low frequency;
MTF50P = spatial frequency where MTF drops from peak value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency;
PH = picture height; pxls = pixels; RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical
w/NR = vertical with noise reduction; W×H = width × height; Whole img = whole image.

captured by the dome camera of camera-group C5 with a
standard-definition image-sensor, shown in Figure 7.

Table 2 presents the camera resolutions in both light
conditions L1 and L2. The highest total-mean camera res-
olution is 60.9 LPHH, which was observed in the images
captured by the dome camera of camera-group C5. The

lowest total-mean camera resolution of 42.3 LPHH, which
was observed in the images captured by camera C4, was
below the camera resolution threshold for facial identifi-
cation (47.7 LPHH). The dome-mounted camera maintains
the highest mean camera resolution among the five cameras
in condition L1, and an FHD windshield-mounted camera
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Figure 7. Video image captured by the dome camera of camera-group C5 with a standard-definition image-sensor. The SFR
(MTF)–frequency chart shows a measured resolution of 65.3 LPHH, which is the highest camera resolution observed in the resolution
tests.
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LPHH = linewidths per head height; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light,
dark levels; LW/PH = linewidth per picture height; Max f = maximum frequency; Max plot f = maximum plot frequency;
Mpxls = megapixels; MTF = modulation transfer function; MTF30 = spatial frequency where the system response is 30% of the
baseline low frequency; MTF50 = spatial frequency where the system response is 50% of the baseline low frequency;
MTF50P = spatial frequency where MTF drops from peak value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency;
PH = picture height; pxls = pixels; RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical
w/NR = vertical with noise reduction; W×H = width × height; Whole img = whole image.

maintains the highest mean camera resolution in condition
L2. Only the camera resolution of the dome-mounted cam-
era in the third-row seats in the daylight (L1) condition was
above the monochrome resolution threshold for computer
facial recognition (64 LPHH).

Figure 8 shows two test chart images taken by camera
C1 and their resolution measurement charts in light condi-
tions L1 and L2. The video image (Figure 8a) captured in
daylight (L1) conditions was clean without apparent speck-
les. Random speckles were observed in image (Figure
8b), which was captured in dark conditions with IR radi-
ation. The camera resolution of camera C1 in condition L1
(58.3 LPHH) was 10.9 LPHH higher than that in condition
L2 (47.4 LPHH, below the camera resolution threshold for
facial identification).

4. Discussion
The highest total-mean camera resolution in the third-row
seat (60.9 LPHH) was observed in the images captured by
the dome camera of camera-group C5 with a standard-
definition image-sensor of 976 × 494 pixels. This was
attributed to the shorter distance between the dome camera
and the test chart in the third-row seat (80 cm), which was
158 cm shorter than the distance between the windshield-
mounted cameras and the test chart in the third-row seat
(238 cm). The advantage of using a standard-definition
dome camera is that it has a much smaller video data file
size than that of HD and FHD cameras. A windshield-
mounted FHD camera has similar camera resolution to

that of a dome-mounted standard-definition camera in the
third-row seats, but has a much larger data file size than
that of a standard-definition dome camera. There would
be a conflict between the use of FHD cameras in taxi-
cabs and the long video retention period, up to 30 days,
required by some city regulators and jurisdictions. The
need for large data storage could significantly increase the
cost of a taxicab security camera system with an FHD cam-
era. A dome-mounted standard-definition camera solves
this camera resolution–file size conflict problem. The other
advantages of the dome camera are that there is no view
blockage between a dome camera and the customers in
the third-row seats, and the ambient lighting condition
surrounding a dome camera is more uniform than that
surrounding windshield-mounted cameras. The disadvan-
tage of using a dome-mounted camera is that a camera
group is needed for the camera system instead of a single
camera in windshield-mounted camera systems. A sin-
gle windshield-mounted FHD or HD camera also meets
the camera resolution requirement for facial identification
in three-row-seating taxicabs. The resolution of camera
C4, with dual standard-definition image-sensors, in the
third-row seats was below the camera resolution thresh-
old for facial identification; therefore, the findings of this
study indicate that windshield-mounted standard-definition
cameras are not suggested for use in three-row-seating
taxicabs.

The camera resolution threshold for computer facial
recognition is 16.3 LPHH higher than that for facial iden-
tification. The dome-mounted standard-definition cam-
era in only the daylight (L1) condition could meet the
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Table 2. Camera resolution performance in LPHH (head height = 25.5 cm).

Camera Camera 1 (FHD) Camera 2 (FHD) Camera 3 (high definition)
Camera 4 (dual standard

definition)
Camera 5

(windshield–dome)

Light intensity Light intensity Light intensity Light intensity Light intensity

Light
condition Measurement

Sun
(×1k lx)

Third-row
seat (lx)

Camera res.
(LPHH)

Sun
(×1k lx)

Third-row
seat (lx)

Camera res.
(LPHH)

Sun
(×1k lx)

Third-row
seat (lx)

Camera res.
(LPHH)

Sun
(×1k lx)

Third-row
seat (lx)

Camera res.
(LPHH)

Sun
(×1k lx)

Third-row
seat (lx)

Camera res.
(LPHH)

Daylight 1 116.3 345 58.3 120.9 508.0 51.8 120.9 508.0 54.1 120.9 508.0 45.5 122.7 406.0 63.9
(L1) 2 116.1 346 57.3 120.9 510.0 52.6 120.9 510.0 54.7 120.9 510.0 45.8 122.7 407.0 65.3

3 116.1 346 56.8 120.7 510.0 51.6 120.7 510.0 50.0 120.7 510.0 45.7 122.7 406.0 64.4
4 116.2 346 58.5 120.8 511.0 51.7 120.8 511.0 54.9 120.8 511.0 45.0 122.8 405.0 64.5
5 116.3 346 54.8 120.7 510.0 51.9 120.7 510.0 55.6 120.7 510.0 45.6 122.7 405.0 65.0

Mean – – 57.1 – – 51.9 – – 53.9 – – 45.5 – – 64.6
SD – – 1.5 – – 0.4 – – 2.2 – – 0.3 – – 0.6

Sky (lx)

Third-row
seat (IR)

(μW/cm2)
Camera res.

(LPPH) Sky (lx)

Third-row
seat (IR)

(μW/cm2)
Camera res.

(LPPH) Sky (lx)

Third-row
seat (IR)

(μW/cm2)
Camera res.

(LPPH) Sky (lx)

Third-row
seat (IR)

(μW/cm2)
Camera res.

(LPPH) Sky (lx)
Third-row seat
(IR) (μW/cm2)

Camera res.
(LPPH)

Dark with 1 0.28 1.29 48.9 0.37 2.53 62.0 0.20 2.47 47.6 0.31 1.40 37.9 0.37 39.7 58.5
infrared (L2) 2 0.28 1.29 47.3 0.36 2.54 61.6 0.22 2.49 49.2 0.32 1.42 39.7 0.36 39.7 56.7

3 0.30 1.29 49.2 0.35 2.55 62.1 0.22 2.49 49.4 0.31 1.40 39.1 0.36 39.7 57.5
4 0.29 1.29 49.8 0.36 2.54 61.6 0.22 2.48 50.1 0.35 1.40 38.4 0.36 39.7 56.6
5 0.28 1.29 47.4 0.35 2.52 61.2 0.21 2.46 48.4 0.31 1.40 39.9 0.35 39.7 57.1

Mean – – 48.5 – – 61.7 – – 48.9 – – 39.0 – – 57.3
SD – – 1.1 – – 0.4 – – 1.0 – – 0.8 – – 0.7

L1 + L2 Total-mean – – 52.8 – – 56.8 – – 51.4 – – 42.3 – – 60.9
SD – – 4.7 – – 5.2 – – 3.1 – – 3.5 – – 3.9

Note: ×1k lx = × 1000 lumen/m2; Camera res. = normalized camera resolution; Dark with infrared (L2) = moonless dark with infrared radiation; Daylight (L1) = sunny daylight; FHD = full high definition; IR = with infrared
radiation; L1 + L2 = both light conditions L1 and L2; LPHH = linewidths per head height; Sky = light intensity of the sky; Sun = light intensity of the sun.
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Figure 8. Chart images captured by camera C1 (a) in the daylight condition and (b) in the dark condition with infrared radiation.
Note: The full color version of this figure is available online. ctr = center; C/P = cycles per pixel; Cy/Pxl = cycles per pixel;
degs = degrees; LSF = logarithmic frequency (simple); Lt/dk = light / dark; Lt, dk lvls = light, dark levels; LW/PH = linewidth per
picture height; Max f = maximum frequency; Max plot f = maximum plot frequency; Mpxls = megapixels; MTF = modulation
transfer function; MTF30 = spatial frequency where the system response is 30% of the baseline low frequency; MTF50 = spatial
frequency where the system response is 50% of the baseline low frequency; MTF50P = spatial frequency where MTF drops from peak
value to 50% of its baseline low frequency; Nyquist f = Nyquist frequency; PH = picture height; pxls = pixels;
RGB = red–green–blue; ROI = region of interest; SFR = spatial frequency response; Vertical w/NR = vertical with noise reduction;
W×H = width × height; Whole img = whole image.

monochrome camera resolution requirement for computer
facial recognition.

In Table 2, the mean camera resolution of camera C1
in daylight (L1) is 8.6 LPHH higher than in the dark (L2)
condition. The resolution difference may be attributed to
more random speckles in the images captured in condi-
tion L2 than those in condition L1. The random speck-
les are unwanted ‘image noise’ [23], which reduces the
signal-to-noise ratio of the image, and hence reduces
the image resolution [24]. In this case, the low-noise
image-sensors may be needed in order to maintain camera
resolution.

Future work includes seeking other solutions to camera
noise reduction. Increasing the IR radiation intensity might
reduce the number of speckles in facial images, and hence
reduce the image noise in dark conditions.

5. Conclusions
A dome camera with a standard-definition image-sensor
is suggested as an effective camera for maintaining high
camera resolution with relatively small video data file size
for facial identification in the third-row seats of three-row-
seating taxicabs. Windshield-mounted security cameras
with at least 1280 × 720 pixel image-sensors are also sug-
gested for use for facial identification in three-row-seating
taxicabs. Windshield-mounted security cameras with either
single or dual standard-definition image-sensors are not
suggested for use in three-row-seating taxicabs due to
their low camera resolution in the third-row seats. Among
the cameras under test, only the dome-mounted camera
in the daylight condition could meet the monochrome
camera resolution requirement for computer facial recog-
nition. This study suggests the use of low-noise security
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cameras in order to maintain proper camera resolution in
three-row-seating taxicabs.
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