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(57) ABSTRACT 

A traf?c sensor system for detecting and tracking vehicles is 
described. The disclosed system may be employed as a 
traffic light violation prediction system for a traf?c signal, 
and as a collision avoidance system. A video camera is 

employed to obtain a video image of a section of a roadWay. 
Motion is detected through changes in luminance and edges 
in frames of the video image. Predetermined sets of pixels 
(“tiles”) in the frames are designated to be in either an 
“active” state or an “inactive” state. A tile becomes active 

When the luminance or edge values of the pixels of the tile 
differ from the respective luminance or edge values of a 
corresponding tile in a reference frame in accordance With 
predetermined criteria. The tile becomes inactive When the 
luminance or edge values of the pixels of the tile do not 
differ from the corresponding reference frame tile in accor 
dance With the predetermined criteria. Shape and motion of 
groups of active tiles (“quanta”) are analyzed With softWare 
and a neural network to detect and track vehicles. 
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METHOD AND APPARATUS FOR TRAFFIC LIGHT 
VIOLATION PREDICTION AND CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional of US. Pat. appli 
cation Ser. No. 09,059,151, ?led Apr. 13, 1998, entitled 
TRAFFIC SENSOR, Which claims priority to US. Provi 
sional Patent Application Ser. No. 60/043,690, entitled 
TRAFFIC SENSOR, ?led Apr. 14, 1997. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] N/A 

BACKGROUND OF THE INVENTION 

[0003] The present invention is related to traffic monitor 
ing systems, and more particularly to a traf?c monitoring 
system for detecting, measuring and anticipating vehicle 
motion. 

[0004] Systems for monitoring vehicular traffic are 
knoWn. For example, it is knoWn to detect vehicles by 
employing inductive loop sensors. At least one loop of Wire 
or a similar conductive element may be disposed beneath the 
surface of a roadWay at a predetermined location. Electro 
magnetic induction occurs When a vehicle occupies the 
roadWay above the loop. The induction can be detected via 
a simple electronic circuit that is coupled With the loop. The 
inductive loop and associated detection circuitry can be 
coupled With an electronic counter circuit to count the 
number of vehicles that pass over the loop. HoWever, 
inductive loops are subjected to harsh environmental con 
ditions and consequently have a relatively short expected 
lifespan. 
[0005] It is also knoWn to employ optical sensors to 
monitor vehicular traf?c. For example, traf?c monitoring 
systems that employ “machine vision” technology such as 
video cameras are knoWn. Machine vision traf?c monitoring 
systems are generally mounted above the surface of the 
roadWay and have the potential for much longer lifespan 
than inductive loop systems. Further, machine vision traf?c 
monitoring systems have the potential to provide more 
information about traf?c conditions than inductive loop 
traf?c monitoring systems. HoWever, knoWn machine vision 
traf?c monitoring systems have not achieved these poten 
tials. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the present invention, a traf?c 
monitoring station employs at least one video camera and a 
computation unit to detect and track vehicles passing 
through the ?eld of vieW of the video camera. The disclosed 
system may be used as a traf?c light violation prediction 
system for a traffic signal, and/or as a collision avoidance 
system. 

[0007] In an illustrative embodiment, the camera provides 
a video image of a section of roadWay in the form of 
successive individual video frames. Motion is detected 
through edge analysis and changes in luminance relative to 
an edge reference frame and a luminance reference frame. 
The frames are organiZed into a plurality of sets of pixels. 
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Each set of pixels (“tile”) is in either an “active” state or an 
“inactive” state. A tile becomes active When the luminance 
or edge values of the pixels of the tile differ from the 
luminance and edge values of the corresponding tiles in the 
corresponding reference frames in accordance With prede 
termined criteria. The tile becomes inactive When the lumi 
nance and edge values of the pixels of the tile do not differ 
from the corresponding reference frame tiles in accordance 
With the predetermined criteria. 

[0008] The reference frames, Which represent the vieW of 
the camera Without moving vehicles, may be dynamically 
updated in response to conditions in the ?eld of vieW of the 
camera. The reference frames are updated by combining 
each neW frame With the respective reference frames. The 
combining calculation is Weighted in favor of the reference 
frames to provide a gradual rate of change in the reference 
frames. A previous frame may also be employed in a 
“frame-to-frame” comparison With the neW frame to detect 
motion. The frame-to-frame comparison may provide 
improved results relative to use of the reference frame in 
conditions of loW light and darkness. 

[0009] Each object is represented by at least one group of 
proximate active tiles (“quanta”). Individual quantum, each 
of Which contains a predetermined maximum number of 
tiles, are tracked through successive video frames. The 
distance traveled by each quantum is readily calculable from 
the change in position of the quantum relative to stationary 
features in the ?eld of vieW of the camera. The time taken 
to travel the distance is readily calculable since the period of 
time betWeen successive frames is knoWn. Physical param 
eters such as velocity, acceleration and direction of travel of 
the quantum are calculated based on change in quantum 
position over time. Physical parameters that describe vehicle 
motion are calculated by employing the physical parameters 
calculated for the quanta. For example, the velocities cal 
culated for the quanta that comprise the vehicle may be 
combined and averaged to ascertain the velocity of the 
vehicle. 

[0010] The motion and shape of quanta are employed to 
delineate vehicles from other objects. A plurality of seg 
menter algorithms is employed to perform grouping, divid 
ing and pattern matching functions on the quanta. For 
example, some segmenter algorithms employ pattern match 
ing to facilitate identi?cation of types of vehicles, such as 
passenger automobiles and trucks. A physical mapping of 
vehicle models may be employed to facilitate the proper 
segmentation of vehicles. A list of possible neW objects is 
generated from the output of the segmenter algorithms. The 
list of possible neW objects is compared With a master list of 
objects, and objects from the list of possible neW objects that 
cannot be found in the master list are designated as neW 
objects. The object master list is then updated by adding the 
neW objects to the object master list. 

[0011] At least one feature extractor is employed to gen 
erate a descriptive vector for each object. The descriptive 
vector is provided to a neural netWork classi?cation engine 
Which classi?es and scores each object. The resultant score 
indicates the probability of the object being a vehicle of a 
particular type. Objects that produce a score that exceeds a 
predetermined threshold are determined to be vehicles. 

[0012] The traffic monitoring station may be employed to 
facilitate traf?c control in real time. Predetermined param 
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eters that describe vehicle motion may be employed to 
anticipate future vehicle motion. Proactive action may then 
be taken to control traf?c in response to the anticipated 
motion of the vehicle. For example, if on the basis of station 
determined values for vehicle distance from the intersection, 
speed, acceleration, and vehicle class (truck, car, etc.), the 
traf?c monitoring station determines that the vehicle Will 
“run a red light,” traversing an intersection during a period 
of time When the traf?c signal Will be otherWise be indicat 
ing “green” for vehicles entering the intersection from 
another direction, the traf?c monitoring station can delay the 
green light for the other vehicles or cause some other actions 
to be taken to reduce the likelihood of a collision. Such 
actions may also include displaying the green light for the 
other vehicles in an altered mode (e.g., ?ashing) or in some 
combination With another signal light (e.g., yelloW or red), 
or initiating an audible alarm at the intersection until the 
danger has passed. Further, the traffic monitoring station 
may track the offending vehicle through the intersection and 
record a full motion video movie of the event for vehicle 
identi?cation and evidentiary purposes. 

BRIEF DESCRIPTION OF THE DRAWING 

[0013] The foregoing features of this invention, as Well as 
the invention itself, may be more fully understood from the 
folloWing Detailed Description of the Invention, and DraW 
ing, of Which: 

[0014] FIG. 1A is a perspective diagram of a traf?c 
monitoring station that illustrates con?guration; 

[0015] FIG. 1B is a side vieW diagram of a traf?c moni 
toring station that illustrates tilt angle; 

[0016] FIG. 1C is a top vieW diagram of a traf?c moni 
toring station that illustrates pan angle; 

[0017] FIG. 2 is a How diagram that illustrates the vehicle 
detection and tracking method of the traffic monitoring 
station; 
[0018] FIG. 3 is a diagram of a neW frame that illustrates 
use of tiles and quanta to identify and track objects; 

[0019] 
[0020] FIG. 5 is a diagram that illustrates edge detect tile 
comparison to determine tile activation; 

[0021] FIG. 6 is a diagram that illustrates adjustment of 
segmenter algorithm Weighting; 

FIG. 4 is a diagram of a reference frame; 

[0022] FIG. 7 is a diagram that illustrates feature vector 
generation by a feature extractor; 

[0023] FIG. 8 is a diagram of the traf?c monitoring station 
of FIG. 1 that illustrates the processing module and netWork 
connections; 
[0024] FIG. 9 is a block diagram of the video capture card 
of FIG. 8; 

[0025] FIG. 10A is a diagram that illustrates use of the 
neW frame for image stabiliZation; 

[0026] FIG. 10B is a diagram that illustrates use of the 
reference frame for image stabiliZation; 

[0027] FIG. 11 is diagram of the ?eld of vieW of a camera 
that illustrates use of entry and eXit Zones; 
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[0028] FIG. 12 is a block diagram of traf?c monitoring 
stations networked through a graphic user interface; 

[0029] FIG. 13 is a How diagram that illustrates station to 
station vehicle tracking; and 

[0030] FIG. 14 is a diagram of an intersection that illus 
trates traffic control based on data gathered by the monitor 
ing station. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] US. Provisional Patent Application Ser. No. 
60/043,690, entitled TRAFFIC SENSOR, ?led Apr. 14, 
1997, is hereby incorporated herein by reference. 

[0032] Referring to FIGS. 1A, 1B and 1C, a traf?c moni 
toring station 8 includes at least one camera 10 and a 
computation unit 12. The camera 10 is employed to acquire 
a video image of a section of a roadWay 14. The computation 
unit 12 is employed to analyZe the acquired video images to 
detect and track vehicles. 

[0033] A three dimensional geometric representation of 
the site is calculated from parameters entered by the user in 
order to con?gure the traf?c monitoring station 8 for opera 
tion. The position of a selected reference feature 16 relative 
to the camera 10 is measured and entered into memory by 
employing a graphic user interface. In particular, a distance 
Y along the ground betWeen the camera 10 and the reference 
feature 16 on a line that is parallel With the lane markings 17 
and a distance X along a line that is perpendicular With the 
lane markings are measured and entered into memory. The 
camera height H, lane Widths of all lanes W1, W2, W3 and 
position of each lane in the ?eld of vieW of the camera are 
also entered into memory. The tilt angle 15 and pan angle 13 
of the camera are trigonometrically calculated from the 
user-entered information, such as shoWn in AppendiX A. The 
tilt angle 15 is the angle betWeen a line 2 directly out of the 
lens of the camera 10 and a line 6 that is parallel to the road. 
The pan angle 13 is the angle betWeen line 2 and a line 3 that 
is parallel to the lane lines and passes directly under the 
camera 10. Avalue used for scaling (“scaler”) is calculated 
for facilitating distance calculations. The scaler is a ?Xed 
factor for the entire image that is used for conversion 
betWeen real distances and piXel displacements. Hence, the 
distance and direction from the camera to any point in the 
?eld of vieW of the camera, and the distance and direction 
betWeen any tWo points in the ?eld of vieW of the camera can 
be determined. 

[0034] Corrections for roadWay grade and bank may also 
be calculated during con?guration. “Grade” refers to the 
change in height of the roadWay relative to the height of the 
camera Within the ?eld of vieW of the camera. “Bank” refers 
to the difference in height of portions of the roadWay along 
a line perpendicular With the lane markings. The user 
determines the grade and bank of the roadWay and enters the 
determined values into memory by employing a graphic user 
interface. The grade and bank corrections are achieved by 
translating the reference plane to match the speci?ed grade 
and bank. 

[0035] Referring to FIGS. 2 and 3, operation of the traf?c 
monitoring station Will noW be described. Avideo frame 18 
is acquired from the camera as depicted in step 20. If an 
interlaced camera is employed, the acquired frame is de 
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interlaced. If a progressive scan camera is employed then 
de-interlacing is not necessary. Image stabilization tech 
niques may also be employed to compensate for movement 
of the camera due to Wind, vibration and other environmen 
tal factors, as Will be described beloW. The acquired frame 
18 is organized into tiles 22 as depicted in step 24. Each tile 
22 is a region of predetermined dimensions. In the illustrated 
embodiment, each frame contains 80 tiles per roW and 60 
tiles per column and the dimensions of each tile are 8 pixels 
by 8 pixels. Tile dimensions may be adjusted, may be 
non-square, and may overlap other tiles. 

[0036] Referring to FIGS. 2, 3 and 4, a list 26 of tiles in 
Which motion is detected (“active tiles”) 38 is generated by 
employing either or both of reference frames 28, 29 and a 
previously acquired frame 30 in separate comparisons With 
the acquired frame 18. The reference frame 28 represents the 
luminance of the image from the camera in the absence of 
moving vehicles. The reference frame 29 represents edges 
detected in the image from the camera in the absence of 
moving vehicles. In the illustrated embodiment, both the 
reference frames 28, 29 and the previous frame 30 are 
employed. If a color camera is employed, the chrominance 
(color) portion of each tile 22 in the acquired frame is 
separated from the luminance (black and White) portion 
prior to comparison. 

[0037] As illustrated in FIG. 5, an edge detect comparison 
may be employed to detect motion and activate tiles. For 
each tile 22 of the neW frame 18 (FIG. 3), the tile is 
organiZed into four “quartiles”32 of equal siZe. The pixel 
luminance values in each quartile 32 are summed to provide 
a representative luminance value for each quartile. In the 
illustrated embodiment, each pixel has a luminance repre 
sented by a value from 0 to 255, Where greater values 
indicate greater luminance. The quartile having the maxi 
mum representative luminance value is then identi?ed and 
employed as a baseline for analyZing the other quartiles. In 
particular, the maximum luminance quartile 34 is designated 
to be in a ?rst state, illustrated as logic 1. The other quartiles 
in the tile are designated to be in the ?rst state if their 
representative luminance value exceeds a threshold de?ned 
by a predetermined percentage of the luminance value of the 
maximum luminance quartile 34 (lumi?lummax). [3 (“the 
gain”) can be ?xed at a speci?c level or may be alloWed to 
vary based upon the characteristics of the image. Quartiles 
With a representative value that fails to exceed the threshold 
are designated to be in a second state, illustrated by logic 0. 
Each quartile is then compared With the corresponding 
quartile from the corresponding tile 36 from the reference 
frame 29 (FIG. 4) and, separately, the previously acquired 
frame. The tile 22 is designated as “active” if the comparison 
indicates a difference in the state of more than one quartile. 
If the comparison indicates a difference in the state of one or 
feWer quartiles and at least one quartile of the tile is in the 
second state, the tile is designated as “inactive.” 

[0038] In the case Where each quartile 32 in the corre 
sponding tiles of the current frame and the reference frame 
are designated to be in the ?rst state a luminance activation 
technique is employed. A luminance intensity value is deter 
mined by summing the luminance of all pixels in the tile and 
dividing the sum by the total number of pixels in the tile, i.e., 
computing the average luminance. The average luminance 
of the tile is compared With the average luminance of the tile 
36 in the corresponding location of the reference frame 28 
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and the previous frame to detect any difference therebe 
tWeen. In particular, the average luminance of the reference 
tile is subtracted from the average luminance of the neW tile 
to produce a difference value and, if the magnitude of the 
difference value exceeds a predetermined threshold, motion 
is indicated and the tile is designated as “active.” The model 
using tiles, quartiles and pixels is isomorphic to a neural 
model of several layers. 

[0039] Referring again to FIGS. 3 and 4, the reference 
frames 28, 29 may be either static or dynamic. A static 
reference frame may be generated by storing a video frame 
from the roadWay or portion(s) of the roadWay When there 
are no moving objects in the ?eld of vieW of the camera. In 
the illustrated embodiment the reference frames 28, 29 are 
dynamically updated in order to ?lter differences betWeen 
frames that are attributable to gradually changing conditions 
such as shadoWs. The reference frames are updated by 
combining each neW frame 18 With the reference frames. 
The combining calculation may be Weighted in favor of the 
reference frames to ?lter quickly occurring events, such as 
the passage of vehicles, While incorporating sloWly occur 
ring events such as shadoWs and changes in the ambient light 
level. 

[0040] Referring to FIGS. 2 and 3, and Appendix B, 
active tiles 38 in the list 26 of active tiles are organiZed into 
sets of proximately grouped active tiles (“quanta”) 40 as 
depicted by step 42. The quanta 40 are employed to track 
moving objects such as vehicles on successive frames. The 
distance traveled by each quantum is calculated based upon 
the change in position of the quantum from frame to frame. 
Matching and identifying of quantum is facilitated by a 
“grab phase” and an “expansion phase” as depicted by step 
44. Each quantum has a shape. In the “grab phase,” active 
tiles are sought in a predicted position that is calculated for 
the quantum in the neW frame, Within the shape de?ned by 
the quantum. The predicted position is determined by the 
previously observed velocity and direction of travel of the 
quantum. If any active tiles are located Within the quantum 
shape region in the predicted position of the quantum in the 
neW frame, the quantum is considered found. If no active 
tiles are located in the quantum shape region in the predicted 
position in the neW frame, the quantum is considered lost. In 
the “expansion phase,” active tiles that are adjacent to a 
found quantum and that have not been claimed by other 
quanta are incorporated into the found quantum, thereby 
alloWing each quantum to change shape. Unclaimed active 
tiles are grouped together to form neW quanta unless the 
number of active tiles is insuf?cient to form a quantum. If 
any of the quanta that have changed shape noW exceed a 
predetermined maximum siZe then these “parent” knoWn 
quantum are reorganiZed into a plurality of “children” quan 
tum. Each child quantum inherits the characteristics of its 
parent quantum, such as velocity, acceleration and direction. 

[0041] The identi?ed quanta are organiZed into objects as 
depicted in step 46. The traf?c sensor employs a plurality of 
segmenter algorithms to organiZe the identi?ed quanta into 
objects. Each segmenter algorithm performs a grouping, 
dividing or pattern matching function. For example, a “blob 
segmenter” groups quanta that are connected. Some seg 
menter algorithms facilitate identi?cation of types of 
vehicles, such as passenger automobiles and trucks. Some 
segmenter algorithms facilitate identi?cation of vehicle fea 



US 2002/0054210 A1 

tures such as headlights. Some segmenter algorithms reor 
ganiZe groups of quanta to facilitate identi?cation of fea 
tures. 

[0042] Referring to FIG. 6, the segmenter algorithms are 
employed in accordance With a dynamic Weighting tech 
nique to facilitate operation under changing conditions. Five 
segmenter algorithms designated by numbers 1-5 are 
employed in the illustrative example. One segmenter algo 
rithm is employed in each time slot. In particular, the 
segmenter algorithm in the time slot designated by an 
advancing pointer 48 is employed. When a segmenter algo 
rithm successfully detects and tracks an object that is 
determined to be a vehicle by the neural netWork and is 
consistent across a plurality of frames then that segmenter 
algorithm is granted an additional time slot. Consequently, 
the segmenter algorithms that are more successful under the 
prevailing conditions are Weighted more heavily than the 
unsuccessful segmenter algorithms. HoWever, each seg 
menter algorithm is assigned at least one permanent time 
slot 50 in order to assure that each of the segmenter 
algorithms remains active Without regard to performance. 
Hence, operation dynamically adjusts to changing condi 
tions to maintain optimum performance. It should be appar 
ent that the number of segmenters, and number and position 
of the time slot allocations may be altered from the illus 
trative example. 

[0043] A list of possible neW objects represented by their 
component quanta is generated by the segmenters as 
depicted by step 54. The list of possible neW objects is 
compared With a master list of objects, and any objects from 
the list of possible neW objects that cannot be found in the 
master list is designated as a neW object as depicted by step 
56. The object master list is updated by adding the neW 
objects to the object master list as depicted in step 57. The 
objects in the updated object master list are then classi?ed 
and scored as depicted in step 58. 

[0044] Referring to FIGS. 2 and 7, the objects in the 
master list are examined by employing at least one feature 
extractor 49 as depicted by step 47. Each feature extractor 
produces a vector 51 of predetermined length that describes 
an aspect of the object, such as shape. The illustrated feature 
extractor overlays the object With a 5x5 grid and generates 
a vector that describes the shape of the object. Because the 
number of cells 53 in the grid does not change, the repre 
sentative vector 51 is relatively stable When the siZe of the 
object (in number of pixels) changes, such as When the 
object approaches or moves aWay from the camera. The 
vector 51 is concatenated With vectors 55 provided from 
other feature extractors, if any, to produce a larger vector 57 
that represents the object. Other grid patterns and combina 
tions of overlays may be used to achieve improved results 
based upon camera position relative to the vehicles and other 
environmental factors. 

[0045] Masking using a vehicle template may be 
employed to remove background information prior to fea 
ture extraction. The object is then compared With templates 
136 that depict the shape of knoWn types of vehicles such as 
cars, vans, trucks etc. When the best ?t match is determined, 
the center of the object, Where the center of the template is 
located in the match position, is marked and only portions of 
the object that are Within the template are employed for 
generating the vectors. 

May 9, 2002 

[0046] The descriptive vectors generated by the feature 
extractors are provided to a neural netWork classi?cation 
engine that assigns a score to each object. The score indi 
cates the probability of the object being a vehicle, including 
the type of vehicle, e.g., passenger automobile, van, truck. 
Objects that produce a score that exceeds a predetermined 
threshold are determined to be vehicles of the type indicated. 
If there are regions of overlap betWeen objects in the updated 
object master list, oWnership of the quanta in those regions 
is resolved in a competition phase as depicted in step 60. Of 
the objects in competition for each quantum in the overlap 
region, the object that Was assigned the highest score by the 
neural netWork obtains oWnership of the quanta. 

[0047] Physical characteristics relating to object motion, 
such as velocity, acceleration, direction of travel and dis 
tance betWeen objects, are calculated in step 62. The calcu 
lations are based on changes in position of a plurality of 
quanta from frame to frame. In particular, vehicle velocity 
may be calculated as the average velocity of the quanta of 
the vehicle, by the change in location of a speci?c portion of 
the vehicle such as the center front, or by other techniques. 
Similarly, vehicle acceleration may be calculated as the 
change in vehicle velocity over time and vehicle direction 
may be calculated by extrapolating from direction of travel 
of quanta over a plurality of frames. The velocity, accelera 
tion and direction of travel of the quanta are calculated based 
on knoWn length and Width dimensions of each pixel and the 
knoWn period of time betWeen successive frames. 

[0048] Referring to FIG. 8, the computation unit 12 
includes at least one video capture card 66. The video 
capture card 66 performs initial processing on video signals 
received from the camera 10. The computation unit 12 
operates on the output of the video capture card 66. The 
functions described With regard to the embodiment illus 
trated in FIGS. 8 and 9 are implemented With a custom 
video capture card 66. These functions may alternatively be 
implemented With a commercially available frame grabber 
and softWare. In the illustrative embodiment the computa 
tion unit 12 is a commercially available IBM compatible 
computer that employs the WindoWs 95 operating system. 
The IBM compatible computer includes a Peripheral Con 
troller Interconnect (“PCI”) bus interface. 

[0049] Referring to FIG. 9, the video capture card 66 is 
operative to process neW video frames, establish and main 
tain the reference frame, and compare the neW frames With 
the reference frame in order to ascertain luminance and/or 
edge differences therebetWeen that are indicative of motion. 
A digitiZer circuit 70 is employed to convert the analog 
video signals from the camera. The camera may provide 
analog video signals in either National Television Standards 
Committee (“NTSC”) format or Phase Alteration Line 
(“PAL”) format. The chrominance portion, if any, of the 
video signal is separated from the luminance portion of the 
video signal by the digitiZer circuit 70. The resulting digital 
signals are provided to an image state machine 72 Where the 
video signal is de-interlaced, if necessary. In particular, the 
video signal is de-interlaced unless a progressive scan 
camera is employed. The output of the image state machine 
72 is a succession of de-interlaced video frames, each frame 
being 640 pixels by 480 pixels in siZe. The image state 
machine is coupled to a Random Access Memory (“RAM”) 
74 that includes a ring of three buffers Where frame data is 
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collected prior to transmission of the frames over a digital 
bus 76 via pixel fetch circuitry 78. 

[0050] Referring to FIGS. 9 and 10, image stabilization is 
employed by the video control processor 99 to compensate 
for camera movement due to environmental factors such as 
Wind. Up to tWo anchor features 69 that are identi?ed by the 
user during con?guration of the traf?c monitoring station are 
employed. The location of each anchor 69 on the neW frame 
18 is determined, and the neW frame is adjusted accordingly. 
Each anchor 69 is located by matching a template 162 to the 
image in the neW frame. The template 162 is a copy of the 
rectangular region of the reference frame 28 that includes a 
representation of the anchor feature 69. A piXel by piXel 
comparison is made betWeen the template 162 and a selected 
region of the neW frame to determine Whether a match has 
been found based on average luminance difference. The 
selected region of the neW frame is adjusted until the best 
match is located (best match=min2|NeWX)y—RefX)y). The ?rst 
comparison may be made at the coordinates at Which the 
anchor 69 is located in the reference frame, or at the 
coordinates at Which the anchor Was located in the previous 
frame. If a min): calculation that is less than or equal 
to the min): calculation in the previous frame is found, the 
location is determined to be a match, i.e., the anchor is 
found. If a min): calculation that is less than or equal 
to the min): calculation in the previous frame is not found, the 
location of the selected region is adjusted until the best 
match is located. The location of the selected region is 
adjustable Within an area of up to 8 piXels in any direction 
from the matching coordinates of the previous frame. The 
selected region is shifted in turn both vertically and hori 
Zontally by a distance of four piXels to yield four min): 
calculation results. If the loWest of the four results is loWer 
than the result at the start point, the selected region is moved 
to the place that yielded the loWest result. If none of the 
results is loWer than the result at the start point, the selected 
region is shifted in turn both vertically and horiZontally by 
half the original distance, i.e., by tWo piXels, to yield four 
neW min): calculation results. If the loWest of the four results 
is loWer than the result at the start point, the selected region 
is moved to the place that yielded the loWest result. The 
distance may be halved again to one piXel to yield four 
neW min): calculation results. When the best result is found, 
the anchor is considered found if the result achieves a 
predetermined threshold of accuracy. If the best result fails 
to achieve the predetermined threshold of accuracy, an edge 
comparison is undertaken. The edge comparison is made 
betWeen the template and the region that de?nes 
the best min): calculation results. If at least one vertical edge, 
at least one horiZontal edge, and at least 75% of all con 
stituent edges are matched, the anchor is considered found. 
OtherWise, the anchor is considered not found. 

[0051] The neW frame 18 is adjusted to produce a stabi 
liZed frame based upon hoW many anchors 69 Were found, 
and Where the anchors Were found. In the event that both 
anchors are found and the anchors Were found at the same 
coordinates as in the reference frame, the camera did not 
move and no correction is necessary. If both anchors moved 
by the same distance in the same direction, a tWo-dimen 
sional X-Y offset vector is calculated. If both anchors moved 
in different directions, the camera may have Zoomed and/or 
rotated. A Zoom is indicated When the anchors have moved 
either toWards or aWay from the center 164 of the image. For 
eXample, the anchors appear larger and further from the 
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center of the image When the camera Zooms in, and smaller 
and closer to the center of the image When the camera Zooms 
out. In the case of a camera that is Zoomed out, the image is 
“in?ated” by periodically duplicating piXels so that the 
anchors appear in the eXpected dimensions. In the case of a 
camera that is Zoomed in, the image is “de?ated” by 
periodically discarding piXels so that the anchors appear in 
the siZe that is expected. 

[0052] In the event that only one anchor Was found, 
adjustment is based upon the location of that one anchor. If 
the anchor did not move, no correction is applied. If the 
previous frame Was not Zoomed, it is assumed that the neW 
frame is not Zoomed. If the previous frame Was Zoomed, it 
is assumed that the neW frame is also Zoomed by the same 
amount. In the event that neither anchor is found, the 
corrections that Were calculated for the previous frame are 
employed. 

[0053] From the number of anchors found and their posi 
tions, the video control processor 99 calculates a set of 
correction factors as described above and sends them to the 
piXel fetch circuitry 78. These correction factors include 
instructions for shifting the frame horiZontally, vertically, or 
both to correct for camera pan and tilt motion, and/or 
directions for in?ating or de?ating the frame to compensate 
for camera Zoom motion. If no correction is needed, the 
video control processor calculates a set of correction factors 
Which instructs the piXel fetch circuitry to do a simple copy 
operation. The correction factors alloW the piXel fetch cir 
cuitry to select piXels from RAM 74 for transmission on the 
bus 76 in stabiliZed order. The piXels are collected into a 
stabiliZed frame 84 for use by the computation unit 12 (FIG. 
8). 
[0054] Referring to FIG. 9, a differencing unit 82 employs 
the contents of the reference frame buffer 80 and the 
incoming piXels on the bus 76 to compare the reference 
frame With the stabiliZed frame, piXel by piXel, in order to 
determine the differences. The difference values are stored in 
the difference frame buffer 86. The computation unit 12 may 
access the difference frames over the PCI bus 94. 

[0055] A tiling unit 88 is operative to organiZe the incom 
ing piXels on bus 76 into tiles 22 (FIG. 3). The tiles are 
stored in a tile buffer 90 for use by the computation unit 12 
(FIG. 8), Which may access the tiles via the PCI bus 94. 

[0056] Referring to FIG. 11, user-de?ned Zones may be 
employed to facilitate operation Where the vieW of the 
camera is partially obstructed and Where sections of road 
Way converge. An entry Zone is employed to designate an 
area of the video image in Which neW objects may be 
formed. Objects are not alloWed to form outside of the entry 
Zone. In the illustrated example, an overpass 100 partially 
obstructs the roadWay being monitored. By placing an entry 
Zone 102 in front of the overpass 100, undesirable detection 
and tracking of vehicles travelling on the overpass is 
avoided. A second entry Zone 104 is de?ned for a second 
section of roadWay Within the vieW of the camera. Vehicles 
entering the roadWay through either entry Zone 102 or entry 
Zone 104 are tracked. An eXit Zone 106 is employed to 
designate an area Where individual vehicles are “counted.” 
Because of the perspective of the ?eld of vieW of the camera, 
more distant vehicles appear smaller and closer together. To 
reduce the likelihood of multiple vehicles being counted as 
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a single vehicle, the number of vehicles included in the 
vehicle count is determined in the exit Zone 106, Which is 
proximate to the camera. 

[0057] Referring noW to FIG. 12, a plurality of traf?c 
monitoring stations 8 may be employed to monitor and share 
data from multiple sections of roadWay. Information gath 
ered from different sections of roadWay may be shared via 
a computer netWork. The gathered information may be 
displayed on a graphic user interface 108 located at a 
separate operations center 110. Video images 112 from the 
camera are provided to the graphic user interface 108 
through ?oW manager softWare 114. The How manager 
maintains near actual time display of the video image 
through balance of video smoothness and delay by control 
ling buffering of video data and adapting to available band 
Width. Data resulting from statistical analysis of the video 
image is provided to the graphic user interface 108 from an 
analysis engine 116 that includes the tiling unit, segmenter 
algorithms and neural netWork described above. The con 
troller card may be employed to transmit the data through an 
interface 118 to the operations center 110, as Well as optional 
transmission to other traf?c monitoring stations. The inter 
face 118 may be shared memory in the case of a standalone 
monitoring station/graphic user interface combination or 
sockets in the case of an independent monitoring station and 
graphic user interface. The operations center 110 contains an 
integration tool set for post-processing the traf?c data. The 
tool set enables presentation of data in both graphical and 
spreadsheet formats. The data may also be exported in 
different formats for further analysis. The video may also be 
displayed With an overlay representing vehicle position and 
type. 

[0058] Alarm parameters may be de?ned for the data 
generated by the analysis engine 116. For example, an alarm 
may be set to trigger if the average velocity of the vehicles 
passing through the ?eld of vieW of the camera drops beloW 
a predetermined limit. Alarm calculations may be done by an 
alarm engine 122 in the traffic monitoring station or at the 
graphic user interface. Alarm conditions are de?ned via the 
graphic user interface. 

[0059] Networked traf?c monitoring stations may be 
employed to identify and track individual vehicles to deter 
mine transit time betWeen stations. The shape of the vehicle 
represented by active tiles is employed to distinguish indi 
vidual vehicles. At a ?rst traffic control station, a rectangular 
region (“snippet”) that contains the active tiles that represent 
a vehicle is obtained as depicted by step 132. Correction 
may be made to restore detail obscured by inter-?eld dis 
tortion as depicted by step 134. The snippet is then compared 
With templates 136 that depict the shape of knoWn types of 
vehicles such as cars, vans, trucks etc, as depicted in step 
138. When the best ?t match is determined, the center of the 
snippet, Where the center of the template is located in the 
match position, is marked as depicted by step 140. Further, 
the siZe of the snippet may be reduced to the siZe of the 
matching template. First and second signatures that respec 
tively represent image intensity and image edges are calcu 
lated from the snippet as depicted by step 142. The signa 
tures, matching template type, vehicle speed and a vehicle 
lane indicator are then transmitted to a second traf?c moni 
toring station as depicted by step 144. The second traf?c 
monitoring station enters the information into a list that is 
employed for comparison purposes as depicted in step 146. 
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As depicted by step 148, information that represents 
vehicles passing the second traf?c monitoring station is 
calculated by gathering snippets of vehicles and calculating 
signatures, a lane indicator, speed and vehicle type in the 
same manner as described With respect to the ?rst traf?c 
monitoring station. The information is then compared With 
entries selected in step 149 from the list by employing 
comparitor 150. In particular, entries that are so recent that 
incredibly high speed Would be required for the vehicle to be 
passing the second traf?c monitoring station are not 
employed. Further, older entries that Would indicate an 
incredibly sloW travel rate are discarded. The signatures may 
be accorded greater Weight in the comparison than the lane 
indicator and vehicle type. Each comparison yields a score, 
and the highest score 152 is compared With a predetermined 
threshold score as depicted by step 154. If the score does not 
exceed the threshold, the “match” is disregarded as depicted 
by step 156. If the score exceeds the threshold, the match is 
saved as depicted by step 158. At the end of a predetermined 
interval of time, a ratio is calculated by dividing the differ 
ence betWeen the best score and the second best score by the 
best score as depicted by step 160. If the ratio is greater than 
or equal to a predetermined value, a vehicle match is 
indicated. The transit time and average speed of the vehicle 
betWeen traf?c monitoring stations is then reported to the 
graphic user interface. 

[0060] Inter-?eld distortion is a by-product of standard 
video camera scanning technology. An NTSC format video 
camera Will alternately scan even or odd scan lines every 
60th of a second. A fast moving vehicle Will move enough 
during the scan to “blur,” seeming to partially appear in tWo 
different places at once. Typically, the car Will move about 
1.5 ft during the scan (approx. 60 mph). Greater distortion 
is observed When the car travels at higher velocity. Greater 
distortion is also observed When the vehicle is nearer to the 
camera. The distortion compensating algorithm is based on 
knoWledge of the “camera parameters” and the speed of the 
vehicle. The camera parameters enable mapping betWeen 
motion in the real World and motion in the image plane of 
the camera. The algorithm predicts, based on the camera 
parameters and the knoWn speed of the vehicle, hoW much 
the vehicle has moved in the real World (in the direction of 
travel). The movement of the vehicle on the image plane is 
then calculated. In particular, the number of scan lines and 
distance to the left or right on the image is calculated. 
Correction is implemented by moving the odd scan lines 
‘back’ to Where the odd scan lines Would have been if the car 
had stayed still (Where the car Was When the even scan lines 
Were acquired). For example, to move 4 scan lines back, 
scan line n Would be copied back to scan line n-4, Where n 
is any odd scan line. The right/left movement is simply 
Where the scan line is positioned When copied back. An 
offset may be added or subtracted to move the pixels back 
into the corrected position. For example, scan line n may 
have an offset of 8 pixels When moved back to scan line n-4, 
so pixel 0 in scan line n is copied to pixel 7 in scan line n-4, 
etc. If the speed of a particular vehicle cannot be determined, 
the average speed for that lane may be employed to attempt 
the correction. Distortion correction is not necessary When a 
progressive scan camera is employed. 

[0061] Referring to FIG. 14, the traf?c monitoring station 
may be employed to facilitate traf?c control. In the illus 
trated embodiment, the traf?c monitoring station is deployed 
such that an intersection is Within the ?eld of vieW of the 






































