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57 ABSTRACT 

A handwritten symbol recognizer adapted to automatically 
recognize various handwritten symbols including Kanji 
character is disclosed. The symbol recognizer includes a 
data processor coupled to a user interface that receives 
handwritten input symbols from a user and displays refer 
ence symbols determined by the symbol recognizer to 
correspond to the handwritten symbols. The data processor 
includes a memory unit which temporarily stores coordinate 
information representing features of the input symbols as 
received from the user interface. The data processor includes 
a symbol analyzer that retrieves the coordinate information 
from the memory unit and translates the coordinate infor 
mation for each written feature into a feature code repre 
senting one of a predetermined number of feature models 
stored in the memory. The symbol analyzer also creates a 
geometric representation of the input symbol for comparison 
with one or more geometric models stored in the memory 
unit. The data processor also includes a label comparator 
adapted to compare the feature codes for the input symbol 
with feature codes of reference symbols stored in the 
memory unit and to identify the reference symbol or sym 
bols having feature codes that most closely match the feature 
codes of the input symbol. The data processor also includes 
a geometric comparator that compares stored geometric 
models corresponding to the reference symbols most closely 
matching the input label with the geometric representation 
of the input symbol. The geometric comparator uses its 
comparison to identify the reference symbols whose geo 
metric model or models most closely match the geometric 
representation of the input symbol. The reference symbol 
that most closely matches the handwritten input symbol, as 
determined by the label and geometric comparators, is sent 
to the user interface which displays the reference symbol to 
the user. 

61 Claims, 4 Drawing Sheets 
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HANDWRITTENSYMBOL RECOGNIZER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. patent applica 
tion Ser. No. 08/452.660, filed May 25, 1995, now 
abandoned, which is a continuation of U.S. patent applica 
tion Ser. No. 08/086,333, filed Jun. 30, 1993, now aban 
doned. 

TECHNICAL FIELD 

The present invention relates to handwritten symbol rec 
ognition and more particularly to recognition of symbols 
using individual features of the symbols and the symbols as 
a whole. 

BACKGROUND OF THE INVENTION 

Various devices have been created to input data and other 
information into a computer. Two of the most common such 
devices are a keyboard and a pointing device such as a 
mouse. While such devices are capable of inputting numer 
ous forms of information, such devices have their limita 
tions. The use of a keyboard is effectively limited to those 
users who know how to type efficiently. Keyboards are 
normally limited to a single language or character represen 
tation system and therefore are not easily adaptable to users 
of differing nationalities. Perhaps the most important limi 
tation of keyboards is their relatively large size. With the 
advent of ever-smaller computers such as palm-top and 
personal digital assistants (PDAs), the large size of the 
keyboards renders them unacceptable for such computers. 
The drawbacks of the keyboard are magnified when using 

a large alphabet language such as Chinese or Kanji. The 
number of Chinese/Kanji characters needed to convey more 
than very basic information exceeds 2,000 characters and 
may be as high as 50,000. The number of keys needed to 
input such numerous characters makes Kanji and Chinese 
keyboards extremely cumbersome in terms of both size and 
ease of use. Indeed, their use is limited to professionals 
given highly extensive training. 

Pointing devices such as mice alleviate some of the 
problems of keyboards but have drawbacks of their own. In 
particular, pointing devices are designed to be used in 
conjunction with a graphical user interface (GUI) to point to 
various locations on a display screen. The GUI assigns 
predetermined functions to the locations on the display 
screen. The actions of the pointing device are limited to the 
predetermined functions of the GUI and are not easily 
extended to character input. In addition, like keyboards, 
pointing devices typically are too large or awkward to be 
used with small computers such as a palm-top computer. 

Given the inherent shortcomings of keyboards and point 
ing devices, a large demand exists for input devices that can 
recognize symbols handwritten by a user. Symbol recogniz 
ers include two parts: a unit for converting the physical 
motions of a handwriting implement into binary information 
processable by the computer and a recognition unit for 
determining the meaning of the handwritten symbol. 
Numerous well-known devices are available for converting 
the physical writing of the user into binary information. 
Such devices include electronic tablets that interact with a 
user-controlled electronic pen to convert the symbols into 
binary information as they are being written. Alternatively, 
electronic scanners may be used to translate a full page of 
handwritten symbols some time after the symbols are writ 
ten. 
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2 
The difficulty in symbol recognition is in determining the 

meaning of the symbols that are written. One of the major 
problems in recognizing handwriting is that the handwriting 
includes features that uniquely identify a symbol and fea 
tures that are peculiar to each person and even to each 
writing sample of a single person. Features that uniquely 
identify these symbols must be analyzed for recognition; 
features that are peculiar to the person's handwriting may be 
discarded. Compounding this problem is the large amount of 
data available in a handwriting recognition system. A typical 
electronic tablet has a resolution of 200 points per inch with 
a sampling rate ranging from 60 to several hundred points 
per second, thus providing a large amount of data. 
Theoretically, each of the numerous data points produced in 
writing a single symbol could be compared individually with 
each point of each symbol model in a database of numerous 
symbol models in order to find the symbol model that most 
closely matches the handwritten symbol. However, such a 
comparison would be extremely wasteful in terms of time 
and computer processing resources. 

SUMMARY OF THE INVENTION 

A preferred embodiment of the present invention is 
directed to a handwritten symbol recognizer adapted to 
automatically recognize various handwritten symbols 
including Kanji characters. The symbol recognizer advan 
tageously recognizes a handwritten symbol by evaluating 
both individual features and the symbol as a whole. The 
symbol recognizer includes a data processor coupled to a 
user interface that receives handwritten input symbols from 
a user and displays reference symbols determined by the 
symbol recognizer to correspond to the handwritten sym 
bols. The data processor includes a memory unit which 
temporarily stores coordinate information representing fea 
tures of the input symbols as received from the user inter 
face. The data processor includes a symbol analyzer that 
retrieves the coordinate information from the memory unit 
and translates the coordinate information for each written 
feature into a feature code representing one of a predeter 
mined number of feature models stored in the memory. The 
symbol analyzer also creates a geometric representation of 
the input symbol for comparison with one or more geometric 
models stored in the memory unit. The data processor 
includes a label comparator adapted to evaluate individual 
features by comparing the feature codes for the input symbol 
with feature codes of reference symbols stored in the 
memory unit and to identify the reference symbol or sym 
bols having feature codes that most closely match the feature 
codes of the input symbol. The data processor also includes 
a geometric comparator that evaluates the symbol as a whole 
by comparing stored geometric models corresponding to the 
reference symbols most closely matching the input label 
with the geometric representation of the input symbol. The 
geometric comparator uses its comparison to identify the 
reference symbols whose geometric model or models most 
closely match the geometric representation of the input 
symbol. The reference symbol that most closely matches the 
handwritten input symbol, as determined by the label and 
geometric comparators, is sent to the user interface which 
displays the reference symbol to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the handwritten symbol 
recognizer according to the present invention. 

FIG. 2 is a flow chart of a preferred embodiment of the 
handwritten symbol recognition method of the present 
invention. 
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FIG. 3 is a coordinate-transformed representation of an 
exemplary handwritten input symbol to be recognized by the 
symbol recognizer shown in FIG. 1. 

FIG. 4 is a pictorial representation of a set of numbered 
reference vectors used by the symbol recognizer of FIG. 1. 

FIG. 5 is a vectorial representation of the handwritten 
input symbols shown in FIG. 3. 

FIG. 6 is a pictorial representation of a reference grid used 
by the symbol recognizer of FIG. 1. 

FIG. 7 is a pictorial representation of a set of reference 
features and correspondent feature codes used by the symbol 
recognizer of FIG. 1. 

FIG. 8 is a comparison matrix used by the symbol 
recognizer of FIG. 1. 

DETALED DESCRIPTION OF THE 
INVENTION 

A preferred embodiment of the present invention is 
directed to a handwritten symbol recognizer 10 shown in 
FIG. 1. The symbol recognizer 10 includes a data processor 
12 coupled to a user interface 14 that receives handwritten 
input symbols from a user and displays reference symbols 
determined by the symbol recognizer to correspond to the 
handwritten symbols. The data processor 12 includes a 
memory unit 16 that temporarily stores coordinate informa 
tion representing features of the input symbols as received 
from the user interface. The data processor includes a 
symbol analyzer 18that retrieves the coordinate information 
from the memory unit 16 and translates the coordinate 
information for each written feature into a feature code 
representing one of a predetermined number of feature 
models stored in the memory. The symbol analyzer also 
creates a geometric representation of the input symbol for 
comparison with one or more geometric models stored in the 
memory unit. 
The symbol recognizer 10 advantageously evaluates both 

individual features of the handwritten symbol and the sym 
bol as a whole. The individual feature evaluation is accom 
plished by a label comparator 20 that compares the feature 
codes for the input symbol with feature codes of reference 
symbols stored in the memory unit and identifies the refer 
ence symbol or symbols having feature codes that most 
closely match the feature codes of the input symbol. The 
whole symbol evaluation is performed by a geometric 
comparator 22 that compares stored geometric models cor 
responding to the reference symbols having the most closely 
matching features with the geometric representation of the 
input symbol. The geometric comparator uses its compari 
son to identify the reference symbols whose geometric 
model or models most closely match the geometric repre 
sentation of the input symbol. The reference symbol that 
most closely matches the handwritten input symbol, as 
determined by the label and geometric comparators, is sent 
to the user interface which displays the reference symbol to 
the user. 
The data processor 12 may be of conventional type such 

as a personal computer operating with an Intel 486 micro 
processor. The memory unit 16 can include any of the known 
memory devices, such as random access memory (RAM), 
magnetic tape memory (hard or floppy drives), and optical 
storage devices (compact discs). The symbol analyzer 18, 
label comparator 20, and geometric comparator 22 can be 
hardwired circuits, but preferably are software programs 
stored in memory in the data processor. The user interface 14 
includes an input device 24 such as a conventional digitizer 
tablet and pen or an electronic scanner. Generally the input 
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4 
device provides a series of X-Y coordinate points to define 
segments of strokes that correspond to continuous motion of 
the pen on the digitizing table or of the pattern of the symbol 
as detected by the electronic scanner. The input device sends 
the coordinate points to the memory 16 where they are 
stored while the symbols are being recognized. The user 
interface also includes a display device 26 such as a CRT or 
LED display. When the present invention is used in con 
nection with a palm-top computer or a personal digital 
assistant (PDA), the user interface and the data processor are 
part of a single unit and the input device may be overlaid on 
the display device. 
A preferred embodiment of the handwriting recognizing 

method of the present invention can be appreciated in 
conjunction with the flow chart shown in FIG. 2 and an 
example of a coordinate representation of a written Kanji 
input symbol 32 as shown in FIG. 3. The symbol shown in 
FIG. 3 is intended to be the Kanji character for the sun and 
includes numerous coordinate points 34 defining the sym 
bol. The sampling rate of the digitizer tablet will produce 
many more coordinate points, but for simplicity, a subset of 
the coordinate points is shown in FIG. 3. 
The symbol analyzer 18 retrieves the coordinate informa 

tion identifying the handwritten input symbol 32 from the 
memory 16. In step 30, the symbol analyzer vectorizes the 
coordinate information to identify the direction traveled by 
the user-operated pen in creating the strokes of the hand 
written input symbol. Vectorizing the input symbol prefer 
ably is accomplished by determining the direction traveled 
between adjacent coordinate points and identifying a refer 
ence vector associated with that direction. It should be noted 
that because of the large number of coordinate points, some 
of the coordinate points may be skipped such that the points 
vectorized are not immediately adjacent. A decrease in the 
number of points skipped increases the accuracy of the 
symbol recognition, but increases the memory and process 
ing requirements. The direction (6) traveled between a first 
coordinate point (x, y) and a second coordinate point 
(x,y) can be determined by: 

tane = -. 
-- 

For example, from coordinate point 34a to coordinate point 
34b, there is no change in the X direction and a relatively 
large change in the negative Y direction. Assuming that the 
difference in y-values is -1, the equation becomes 

-- 
tan 0 = -- s 

resulting in 6=-90°. 
Shown in FIG. 4 is a set 36 of eight-numbered reference 

vectors. The numbered reference vectors provide a short 
hand vectorial representation 38 of the handwritten input 
symbol. More reference vectors may be used for increased 
accuracy at the expense of increased storage and processing 
complication. Reference vector 0 is used to represent an 
angle 0from-22.5 to 22.5 degrees and reference vector 1 is 
used to represent an angle 6 from 22.5 to 67.5 degrees. All 
eight reference vectors are classified in a similar manner. 
Given that the angle 0 formed from coordinate point 34a to 
coordinate point 34b is -90, the corresponding reference 
vector is reference vector 6 shown in FIG. 4. The steps of 
computing the angle 0 between adjacent coordinate points 
and associating the angle 6 computed with one of the 
reference vectors shown in FIG. 4 are repeated for each of 
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the coordinate points of the input symbol. Performing such 
steps for each of the coordinate points yields chains of 
reference vectors as shown in FIG. 5. 

Referring again to the vectorial representation 38 of the 
Kanji sun symbol shown in FIG. 5, the feature code iden 
tification begins with the upper left-hand corner of the 
figure. The first written stroke of the input symbol 32 
extends from coordinate point 34a to coordinate point 34f. 
at which point the user lifted the pen from the digitizer 
tablet. The portion of the stroke from coordinate point 34a 
to coordinate point 34c is a straight line represented by three 
consecutive reference vectors designated 6. If the user had 
lifted the pen at reference point 34c, then the stroke segment 
from 34a to 34c would be recognized as being associated 
with feature models having feature code 1 or feature code 10 
(as shown in FIG. 6), depending upon the arbitrary size 
associated with the large feature codes 0-5 with respect to 
the small reference codes 9-14. However, assuming that the 
user did not lift the pen anywhere between coordinate point 
34a and coordinate 34g either the sloppy handwriting of the 
user or an imperfection in the input device 24 caused the 
coordinate point 34d to be outside the angular range asso 
ciated with reference vector 6. As a result, reference vector 
5 was produced between coordinate points 34c and 34d and 
reference vector 7 was produced between coordinate point 
34d and coordinate point 34e. 

Because the stroke section from coordinate point 34e to 
coordinate point 34freturned to vertical alignment, it may be 
that the user intended the stroke to go directly from coor 
dinate point 34a to coordinate point 34fin a straight vertical 
line. As a result, it is desirable to evaluate the portion of the 
stroke between coordinate points 34c and 34e to determine 
whether it should be considered an unintentional anomaly. 
This is accomplished by counting the number of reference 
vectors in the anomalous portion (2 reference vectors) and 
dividing that number by the total number of reference 
vectors for the entire stroke between coordinate points 34a 
and 34g. The result of the division is compared to a 
predetermined threshold (e.g., /3). If the division result is 
less than the threshold then the reference vectors 5 and 7 are 
changed to become two consecutive 6 reference vectors. 

In addition to removing anomalies such as that occurring 
along the stroke between coordinate points 34c and 34e, the 
symbol analyzer 18 removes "hooks" occurring at the end of 
the stroke. Ahook occurs when a user fails to pickup the pen 
when he intended stroke is finished and inadvertently drags 
the pen farther than intended. Such a hook is represented by 
a portion of the stroke between coordinate points 34f and 
34g. The symbol analyzer 18 performs "dehooking" in a 
manner similar to that used to smooth anomalies occurring 
somewhere in the middle of the stroke. If the distance 
between coordinate points 34f and 34g is less than a prede 
termined threshold fraction of the distance between coordi 
nate points 34a and 34f then the coordinate point 34g and 
the reference vector 5 are ignored. After the smoothing and 
dehooking steps. the stroke between coordinate points 34a 
and 34f will simply be a straight vertical line of consecutive 
number 6 reference vectors with no hook after coordinate 
point 34f. In a preferred embodiment, the threshold fraction 
for dehooking is set at one sixth of the length of the stroke. 

In step 40 (FIG. 2), the symbol analyzer 18 identifies 
feature codes corresponding to the features of the handwrit 
ten input symbol 32. Shown in FIG. 6 is a set 42 of 13 
feature models, each of which has a corresponding feature 
code between zero and fifteen that is stored in the memory 
16. The 13 feature codes can be used to represent any 
handwritten input symbol, including Kanji characters. Ref 
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6 
erence features 9-14 are substantially identical to reference 
features 0-5 except that reference features 9-14 are smaller 
than reference features 0-5. Reference features 4 and 13 
represent any curved line made in a clockwise direction. 
Similarly, reference symbols 5 and 14 represent any curved 
line made in a counterclockwise direction. Each feature code 
for the handwritten input symbol is determined by identi 
fying the feature code associated with the feature model that 
most closely matches a chain of reference vectors. 

Returning to the vectorial representation 38 of the input 
symbol, the chains of reference vectors are compared to the 
set 42 of reference features and associated feature codes 
shown in FIG. 6. Given that the stroke from coordinate point 
34a to coordinate point 34f is a straight vertical line, the 
most closely matching reference features are those indicated 
by feature codes 1 and 10. To distinguish between feature 
codes 1 and 10, the length of the feature to be characterized 
is compared to the length of the entire written symbol. 
Because the vertical line extending from coordinate points 
34a-34f is equal in length to the length of the entire input 
symbol, the feature is determined to correspond to feature 
code 1 rather than feature code 10. If the feature were less 
than a threshold fraction, such as one-fourth, of the entire 
input symbol, the feature would have corresponded to fea 
ture code 10. 

While a feature code of 1 uniquely conveys information 
that the feature between coordinate points 34a and 34f is a 
vertical line, it does not convey any information as to the 
position of the vertical line. To provide such positional 
information, the symbol analyzer 18 employs a reference 
grid 44, such as a 16x16 grid. An adjusted input symbol 46. 
that is, the input symbol 32 as modified by smoothing and 
dehooking, is analyzed using the reference grid. The symbol 
analyzer saves coordinate points corresponding to the end 
points of the adjusted input symbol 46. With respect to the 
vertical line feature of the modified input symbol having a 
feature code of 1, the endpoints of the feature are (0, 0), and 
(0, 15). 
The process of assigning feature codes and positional 

coordinate points for the remaining features of the adjusted 
input symbol 46 is substantially the same as that described 
above for the vertical line feature extending between coor 
dinate points 34a and 34f. The stroke extending between 
coordinate points 34a and 34.j via coordinate points 34th and 
34i is slightly more complicated. It is possible that the user 
intended that stroke to be three separate features: the first 
feature extending between coordinate points 34a and 34h, 
the second feature extending between coordinate points 34h 
and 34i, and the third feature extending between coordinate 
points 34i and 34i. However, because the user did not lift the 
pen in creating the stroke between coordinate points 34a and 
34i, the symbol analyzer 18 assumes that the user intended 
the stroke to be a single feature. As a result, the symbol 
analyzer compares the entire stroke with the set 42 (FIG. 6) 
of reference features and determines that the reference 
features corresponding to feature codes 4 and 13 most 
closely match the feature of the input symbol. The symbol 
analyzer then compares the size of the input feature to the 
entire input symbol and determines that the feature is larger 
than the predetermined threshold fraction (4 in preferred 
embodiment) such that the corresponding reference feature 
is feature code 4 rather than feature code 13. 

Note that the symbol analyzer 18 does not always recog 
nize a stroke as a single feature. For example, the number 
"3" is customarily made with one stroke, i.e., without lifting 
the pen until the end, but contains two features. The symbol 
analyzer breaks the stroke into two features by determining 
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that the stroke made a sharp change in direction from a 
vector 4 to a vector 0 at the midpoint of the stroke. 

Because of the curved shape of the feature model corre 
sponding to feature code 4, the end points of the input 
feature do not carry sufficient information to identify the 
input feature. That is because there is an infinite number of 
very different curved, clockwise lines that can include the 
same end points. As a result, the symbol analyzer 18 saves 
the beginning end point and an inflection point representing 
the maximum X value and the minimum Y value of the 
feature. As shown in FIG. 7 with respect to the curved input 
feature corresponding to feature code 4, the beginning end 
point is 0, 0, a minimum Y value is 0 and the maximum X 
value is 12 so the geometric information for the input feature 
can be represented as 0, 0:12, 0. 

It should be noted that features corresponding to feature 
codes 5 and 14 are handled similarly to features correspond 
ing to feature codes 4 and 13. For features corresponding to 
feature codes 5 and 14, the symbol analyzer 18 stores the X 
and Y values of the beginning end point together with the 
minimum X value of the feature and the maximum Y value 
of the feature. The dot feature code 15 preferably is handled 
by storing a single coordinate point. 
Upon performing step 40 for each of the features in the 

input symbol, the symbol analyzer 18 stores in the memory 
16 both feature codes and geometric information associated 
with those features. With respect to the adjusted input 
symbol 46 shown in FIG.7, the memory stores an input label 
1400 formed by the combination of the feature codes 1, 4, 
0, and 0 associated with the four strokes in the order these 
strokes were written. The geometric information stored for 
each stroke includes the end points for the features having 
feature codes 1 and 0 and the beginning end point and the 
inflection point for the feature having feature code 4 deter 
mined using the reference grid 44. As a result, the geometric 
information for the adjusted input symbol 46 is 0, 0:0, 15, 
0, 0:12, 0, 1, 8:12, 8), and 0, 15:12, 15. 
In step 48 of FIG. 2, the label comparator 20 performs 

label comparison on the adjusted input symbol 46, Label 
comparison involves comparing the input label 1400 for the 
input symbol with numerous label models stored in the 
memory 16. The memory stores one or more label models 
for each symbol to be recognized, the label models being 
derived using the same type of feature analysis discussed 
above. The label comparator employs a comparison matrix 
50 as shown in FG, 8 to assess the relative matches between 
individual features forming the input label and the label 
model. Because there are four features in the input symbol, 
the label comparator compares the input label only with 
label models having four features during a first pass com 
parison. 
As an example of how the label comparator 20 employs 

the comparison matrix, assume that the input label is to be 
compared to a first label model 2309. The first feature of the 
input label is 1 and the first feature of the label model is 2. 
The label comparator looks at the intersection of row 1 and 
column 2, which yields a comparison matching value of 7. 
The comparison matching values range from 0 to 10, with 0 
signifying the worst matched and 10 signifying the best 
match. Such a matching value of 7 is a relatively good 
match. With respect to the remaining features of the input 
symbol, the comparison of feature 4 with the feature 3 of the 
label model yields a matching value of 1. The third feature 
code of the input label is a 0 which when compared to the 
feature code 0 in the third position of the label model yields 
a matching value of 10; a perfect match. The fourth feature 
code of the input label is a 0 which when compared to the 
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8 
9 in the fourth position in the label model also yields a 
matching value of 10. As can be seen from the comparison 
matrix, a comparison of each of the large feature modes 
corresponding to feature codes 0-5 with the small version of 
the same feature models 9-14 yields matching values of 10. 
As such, the label comparator gives no comparison penalty 
for a user who writes a feature that is smaller than the feature 
normally used for that symbol. 
The label comparator 20 computes the total of the match 

ing values found in comparing the input label 1400 with the 
label model 2309 and obtains a label matching value of 28 
(7+1+10+10). The label matching value for the label model 
is then compared to a threshold value, such as 25, to 
determine whether it is a relatively good match. Since a 
matching value of 28 is greater than the threshold value of 
25, the label comparator determines that the label 2309 is a 
good match. 
A label comparison does not stop as soon as the label 

comparator 20 finds a single good match. For example, 
assume that the memory 16 also stores label models 2222. 
1400, and another 1400 in addition to the label model 2309. 
The reason for having more than one 1400 label model is to 
allow alternate geometric representations for the same label 
models to accommodate handwriting differences of the same 
symbol. In addition, the two different symbols may have the 
same label model with different geometric representations. 
Performing label comparison on the additional label models 
results in a matching value of 22 (7+1+7+7) for the 2222 
label model and a matching value of 40 for the two 1400 
label models. 

In step 52 of FIG. 2, the geometric comparator 22 
performs geometric comparison on the input symbol. Geo 
metric comparison involves comparing the geometric infor 
mation for the input symbol with geometric information 
stored for each of the label models that are determined by the 
label comparator to be good matches. The geometric com 
parator operates by computing the Euclidean vector dis 
tances for each geometric model, the Euclidean vector 
distance representing how closely the geometric model 
matches the geometric representation of the input symbol. 
Returning to the example, assume that the geometric models 
corresponding to the label models determined to be good 
matches by the label comparator are as follows: 

7, 0:0, 15 O, 0:0, 14 (0, 0:0, 15 
7, 0:14, 15 O, 0:13, O O, O:14, O 
4, 6:10, 6 O, 7:13, 7 IO, 8:12, 7 
O, 15:14, 15 1, 14:13, 14 (0, 15:13, 15 

2390 1400 1400 

The geometric comparator 22 computes the Euclidean 
vector distance (EVD) for each geometric model as com 
pared to the input symbol geometric information of: (0, 0:0, 
150,0:12, 01, 8:12, 80, 15:12, 15). Defining the values 
of the geometric model and the input symbol geometric 
representation as X, YX YX21, Y2:X22, Y22 
X31, Y21:X32, YazX, Y,X2, Yal, the geometric com 
parator computes the EVD as follows where a superscript of 
m indicates a model value and a superscript of i indicates an 
input value: 
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With respect to geometric model corresponding to label 
model 2390, the geometric comparator 22 computes Euclid 
ean vector distance as follows: 

(0-7)2+(0-0)2+(0-7) + (12-14 + 
(1 - 42+ (12 - 10+ (0-0) + (12-14 + 
(0-0 + (15-15)2+(0-0)2+(0-15)2+ 
(8-6)2+(8-6)2+ (15-15)2 + (15-15)=352. 

Similarly, the geometric comparator computes Euclidean 
vector distances of 11 and 7 for the geometric models 
corresponding to the two 1400 label models. In step 50 of 
FIG. 2, the Euclidean vector distances computed for each of 
the geometric models are compared to a geometric matching 
threshold to determine whether the geometric model is a 
good match. In a preferred embodiment, the geometric 
matching threshold is set at 32 times the number of features 
in the input symbol, which for the four-feature input symbol 
in the example yields a geometric matching threshold of 
128. Given that the Euclidean vector distance computed for 
the geometric model corresponding to the 2390 label model 
is greater than the geometric matching threshold, the geo 
metric comparator determines that the 2390 geometric 
model is not a good match, while the geometric models 
corresponding to the 1400 label models are good matches. 

In step 54, the geometric comparator 22 determines that 
both of the geometric models corresponding to the 1400 
label models pass the geometric matching threshold and 
therefore are sufficiently good matches. Both geometric 
models correspond to the Kanji sun symbol, so the geomet 
ric comparator causes the display device 26 to display the 
Kanji sun symbol in step 56. 

If the geometric model corresponding to the 2390 label 
model had also passed the geometric threshold, then the 
geometric comparator 22 would have had to decide which 
reference symbol to display. Preferably, the geometric com 
parator decides by counting the number of passed geometric 
models that correspond to the same reference symbol. In the 
example, the two models corresponding to the 1400 label 
models correspond to the same reference symbol (Kanji 
Sun), while there is only one well-matching geometric model 
corresponding to the 2390 label model. As a result, the 
geometric comparator determines that the Kanji sun symbol 
is the best match and causes the display device 26 to output 
that symbol. 

In the example discussed above, the label models and 
geometric models associated with the Kanji sun symbol 
matched the input symbol 32 sufficiently well to justify 
displaying the Kanji sun symbol without further analysis. 
However, if the user had written the strokes of the input 
symbol in a different order, the analysis would have been 
different. 

For example, assume that the user wrote the input symbol 
32 with the first and second strokes reversed. After the 
symbol analyzer 18 vectorizes the input data and smoothes 
and de-hooks the vector codes, it identifies the appropriate 
feature codes as 4100. The label comparator 20 performs 
label comparison in step 48, which determines that the label 
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10 
models 2390. 2222, 1400, and 1400 produce matching 
values of 28, 22, 22, and 22, respectively. Using a label 
matching threshold of 25, the label comparator determines 
that the label model 2390 is the only good match. In one 
embodiment, the label comparator causes the display device 
26 to display the reference symbol corresponding to a label 
model that is the only label model to pass the label matching 
threshold, so the reference symbol corresponding to the 
label model 2390 would be displayed. However, in a pre 
ferred embodiment, the geometric comparator 22 performs 
geometric comparison on the geometric models correspond 
ing to the label model or models that exceed the label 
matching threshold, which in the example is limited to the 
2390 label model (step 52). In performing geometric com 
parison of the geometric model corresponding to the 2390 
label model with respect to the geometric representation of 
the input symbol, the geometric comparator computes a 
geometric matching value of 688. It should be noted that the 
geometric representation of the input symbol corresponding 
to the 4100 input label differs from the geometric represen 
tation of the input symbol corresponding to the 1400 input 
label only to the extent that the first two features are 
reversed. In step 54, the geometric comparator compares the 
688 with the geometric matching threshold of 128 and 
determines that there is no sufficiently good match. In step 
58, the data processor 12 determines that a second pass has 
not been completed and begins a second pass analysis of the 
input symbol. 
The second pass analysis begins in step 60 in which the 

label comparator 20 permutes the feature codes of the input 
label. Permuting refers to re-ordering the feature codes of 
the input according to a predetermined sorting procedure. 
Returning to the example, the input label of 4100 can be 
permuted to 1004, 1040, 1400, 0041, etc. The sorting 
procedure can be random, ascending, descending, or any 
other order. The permuted labels are compared to the label 
models by the label comparator in step 48. If a comparison 
of one of the permuted labels matches one of the label 
models, then the geometric comparator 22 performs geo 
metric comparison of the geometric representation of the 
permuted symbol with the geometric model corresponding 
to matching label model. Preferably, the geometric compari 
son is done immediately after a single good label match is 
found, rather than waiting for all of the label models that 
exceed the label matching threshold as is done in the 
preferred embodiment of the first pass. 

Returning to the example, the label comparator 20 uses a 
sorting order that produces a permuted label of 1004 in step 
60. Assume that when the label comparator performs label 
comparison for the 1004 permuted label, no label models are 
found that pass the label matching threshold. Next, the label 
comparator produces a 1040 permuted label and again finds 
no label models that pass the label matching threshold. Next, 
the label comparator produces a 1400 permuted label. The 
label comparator determines that the 2390 label model 
exceeds the label matching threshold. The geometric com 
parator 22 compares the geometric model corresponding to 
the 2390 label model with the geometric representation of 
the 1400 permuted label and does not find a good geometric 
match. Label comparison continues with the succeeding 
label models until the label comparator finds that one of the 
1400 label models is a good label match. The geometric 
comparator compares the geometric model corresponding to 
the 1400 label model with the geometric representation of 
the 1400 permuted label and finds a good geometric match 
in steps 52 and 54. In step 56, the geometric comparator 
causes the display device 26 to display the Kanji sun symbol 
corresponding to the 1400 label model. 
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In the first two examples, the user wrote an input symbol 
with the correct number of strokes, so the label comparator 
found good matching symbols in the memory 16 by per 
forming label comparison only with label models having the 
same number of features as the input label. However, users 
often fail to include all of the correct strokes or include too 
many strokes for the symbol that they are attempting to 
write. This problem is particularly common which writing 
Kanji or other symbols that include numerous strokes. 
As a third example, assume that the user wrote an input 

symbol that is identical to the input symbol written in the 
first example, except that the user forgot to include the 
second horizontal stroke of the Kanji Sun symbol. As a 
result, the symbol analyzer 18 produces an input label of 
140. Assume that in the first pass the label comparator 20 
finds no 3-feature label models that match the 140 input 
label. Further, assume that in the second pass the label 
comparator finds no 3-feature label models that match the 
permutations of the 140 input label. After the second pass, 
data processor 12 determines that a third pass has not yet 
been performed (step 62). 
The third pass begins with the label comparator 20 

accessing a database storing label models having one fewer 
feature (two features) than the number of features in the 
input label (step 64). The label comparator compares the 
input label with each of the label models in the two-feature 
database (step 48). Given there are three features in the input 
label and only two features in the label models, only two of 
the features of the input label are used to compute a label 
matching value for each label model. The comparison is 
performed on a feature-by-feature basis. The first feature of 
each label model is compared to each of the three features 
of the input label. The feature of the input model that most 
closely matches the first feature of the label model is 
marked. The second feature of the label model is compared 
with the features of the input label except for the feature that 
most closely matched the first feature of the label model. The 
feature code matching values taken from the comparison 
matrix 48 (FIG. 8) for the two most closely matching 
features are added together to get a label matching value for 
each two-feature label model. Each of the label matching 
values is compared to a label matching threshold appropriate 
for two-feature matching. 

If there are any label models that pass the label matching 
threshold, then the geometric comparator 22 compares the 
geometric models corresponding to the passing label models 
with the geometric representation of the input symbol. The 
geometric comparison is performed on the geometric fea 
tures of the input symbol that correspond to the two feature 
codes that were used by the label comparator in computing 
the label matching value for the label model. If the label and 
geometric models associated with a reference symbol pass 
the label and geometric comparisons, then the geometric 
comparator causes the display device 26 to display the 
reference symbol. 
Assuming that no matching reference symbols are found 

in the third pass, the data processor 12 determines that a 
fourth pass has not yet been completed (step 66). The fourth 
pass begins with the label comparator 20 accessing a data 
base storing label models having one more feature (four 
features) than the number of features in the input label (steep 
68). The label comparator compares the input label with 
each of the label models in the four-feature database (step 
48). Given there are three features in the input label and four 
features in the label models, only three of the features of the 
label models are used to compute a label matching value for 
each label model. Like the pass three comparison, the pass 
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12 
four comparison is performed on a feature-by-feature basis. 
The first feature of the input label is compared to each of the 
four features of each label model. The feature of the label 
model that most closely matches the first feature of the input 
label is marked. The second feature of the input label is 
compared with the features of the label model except for the 
feature that most closely matched the first feature of the 
input label. After finding the best match for each of the 
features of the input label, the label comparator determines 
whether the label matching value for each of the label 
models passes the label matching threshold. 

Returning to the example, the label comparator 20 com 
pares the input label 140 to each of the four-feature label 
models stored in the memory 16. With respect to the 2390 
label model, the 2, 3, and 0 most closely match the 1, 4, and 
0 of the input label (the 2 and 3 of the label model match the 
1 and 4 of the input label equally well, so the label 
comparator simply chooses the first available matching 
feature code for each feature). The label comparator com 
putes the matching value for the 2390 label to be 18 
(7+1+10). The label comparator compares the matching 
value to a predetermined matching value threshold, such as 
19, and determines that the 2390 label model does not match 
the input label sufficiently well. The process is repeated for 
the 2222 label model and a good match is not found. 
The label comparator 20 compares the input label 140 

with the label model 1400 according to the same method 
used for the 2390 and 2222 label models. The label com 
parator determines that the 140 of the label model exactly 
matches the 140 of the input label. As a result, the geometric 
comparator 22 compares the geometric model correspond 
ing to the 1400 label model with the geometric representa 
tion of the input symbol (step 52). The geometric compara 
tor compares only those features of the geometric model that 
correspond to the feature codes used in the label comparison 
(140). The features of the geometric representation of the 
input symbol are 0.0:0.15), (0.0:12.0, and 1.8:12.8land 
the features of the geometric model are 0.0:0.14), (0,0:13, 
O), and 0.7:13,7). The geometric comparator computes a 
Euclidean vector distance (EVD) of 6 and compares the 6 to 
a predetermined geometric matching threshold, such as 128. 
Note that some designers may find it desirable to adjust the 
threshold downward after the first or second pass to make it 
easier to find a match. The EVD of 6 is less than the 
threshold, so the geometric comparator causes the display 
device 26 to output the reference symbol corresponding to 
the 1400 label model (Kanji sun symbol) (step 56). 

If the fourth pass did not produce a sufficiently good 
match, then the data processor 12 determines whether a fifth 
pass has been performed (step 70). In the fifth pass, the label 
comparator 20 accesses a database that stores label models 
having two fewer features than the input label (step 72). The 
label and geometric comparisons are then performed in the 
same manner as described above with respect to the third 
pass. 
Assuming that the fifth pass does not produce a suffi 

ciently good match, then the data processor 12 determines 
whether a sixth pass has been performed (step 74). In the 
sixth pass, the label comparator 20 accesses a database that 
stores label models having two more features than the input 
label (step 76). The label and geometric comparisons are 
then performed in the same manner as described above with 
respect to the fourth pass. If no good matches are found in 
the sixth pass, one embodiment of the invention performs 
further passes using databases storing label models having 
successively fewer and more features than the input label. In 
a preferred embodiment, the data processor 12 simply causes 
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the display device 26 to output the most closely matching 
reference symbol found regardless of whether it passes the 
label and geometric matching thresholds. 

It should be appreciated that although a Kanji sun symbol 
was recognized in the examples discussed above, other 
symbols, such as numbers, letters, and editing symbols can 
be recognized. In addition, the thirteen reference features 
shown in FIG. 6 can be changed or augmented to accom 
modate the symbols being recognized. 
The preferred embodiment of the present invention pro 

vides a symbol recognizer10 that performs excellent symbol 
recognition of approximately 75%-90% accuracy, depend 
ing on the user's handwriting. The symbol recognizer pro 
vides such accuracy by evaluating both individual features 
of a handwritten symbol using a label comparator and the 
symbol as a whole using a geometric comparator. By storing 
reference symbols using small label models and geometric 
models based on a limited number of coordinate points (e.g., 
two per geometric model), the present invention requires 
much less memory than prior art systems. 
From the foregoing it will be appreciated that, although 

specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 

I claim: 
1. An automatic handwritten symbol recognizer that rec 

ognizes a handwritten input symbol having sequential fea 
tures written according to a time sequential order, compris 
ling: 

a symbol analyzer that receives a time sequence of 
coordinate information representing the sequential fea 
tures of the input symbol according to the time sequen 
tial order in which the sequential features were written, 
translates the coordinate information for each written 
sequential feature into a feature code representing one 
of a predetermined number of feature models, and 
produces an input label of feature codes ordered 
according to the time sequential order in which the 
features were written, the symbol analyzer also creates 
a geometric representation of the input symbol, the 
geometric representation including data representing 
positions of the features of the input symbol; 

a memory storing reference symbol information including 
a plurality of label models and a plurality of geometric 
models, each label model including a plurality of 
feature codes in a predetermined order and correspond 
ing to one of the geometric models, each geometric 
model storing data representing positions of features of 
a reference symbol represented by the geometric 
model; 

a label comparator that compares the input label with the 
label models without regard for positions of the fea 
tures represented by the feature codes of the input label 
and identifies a most closely matching subset of the 
stored label models by identifying the label model or 
models that most closely match the input label regard 
less of the positions of the features represented by the 
feature codes of the input label; and 

a geometric comparator that compares only the geometric 
models corresponding to the label models of the most 
closely matching subset with the geometric represen 
tation of the input symbol and identifies the geometric 
model or models that most closely match the geometric 
representation of the input symbol. 

2. The handwriting recognizer of claim 1 wherein the 
symbol analyzer is adapted to translate the coordinate infor 
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14 
mation for each written feature into a feature code repre 
senting one of thirteen feature models. 

3. The handwriting recognizer of claim 1 wherein the 
symbol analyzer includes means for vectorizing the coordi 
nate information into a time sequence of vector codes 
representing vector information of the features. 

4. The handwriting recognizer of claim 3 wherein the 
symbol analyzer includes a filter adapted to smooth anoma 
lous vector codes. 

5. The handwriting recognizer of claim 3 wherein the 
symbol analyzer includes means for translating a portion of 
the vector codes into one of the feature codes. 

6. The handwriting recognizer of claim 1 wherein the 
symbol analyzer includes a hook filter adapted to determine 
whether an end portion of a pen stroke is intended to be part 
of a feature or an unintended hook. 

7. The handwriting recognizer of claim 6 wherein the 
symbol analyzer includes means for vectorizing the coordi 
nate information into a plurality of vector codes representing 
vector information of the features and wherein the hook 
filter is adapted to identify an unintended hook if the number 
of vector codes created for the end portion of the pen stroke 
is less than a predetermined fraction of the number of vector 
codes created for the entire pen stroke. 

8. The handwriting recognizer of claim 1 wherein the 
symbol analyzer includes means for creating the geometric 
representation of the input symbol by saving a subset of the 
coordinate points of each feature and discarding the remain 
ing coordinate points of the features. 

9. The handwriting recognizer of claim 8 wherein the 
subset saved is limited to two coordinate points for each 
feature with one of the two coordinate points being an end 
point of the feature. 

10. The handwriting recognizer of claim 1 wherein the 
label comparator includes: 

means for rearranging the order of the feature codes of the 
input label after the geometric representation of the 
input symbol corresponding to the input label is com 
pared by the geometric comparator and for comparing 
the rearranged input label to the label models. 

11. The handwriting recognizer of claim 1 wherein the 
label comparator includes means for comparing the input 
label only with label models having the same number of 
feature codes as the input label during a first pass. 

12. The handwriting recognizer of claim 1 wherein the 
label comparator includes means for identifying a score for 
each comparison of the input label with one of the label 
models and means for saving the scores that satisfy a 
predetermined label threshold. 

13. The handwriting recognizer of claim 1 wherein the 
geometric comparator includes means for computing a 
Euclidean vector distance for each geometric model, the 
Euclidean vector distance representing how closely the 
geometric model matches the geometric representation of 
the input symbol. 

14. The handwriting recognizer of claim 13 wherein the 
geometric representation of the input symbol is limited to 
two coordinate points for each feature and the means for 
computing a Euclidean vector distance computes the Euclid 
ean vector distance for a selected geometric model by 
determining a distance between each of the two coordinates 
points for each feature and corresponding coordinate points 
for the selected geometric model. 

15. The handwriting recognizer of claim 13, further 
including output means for causing to be displayed one of 
the geometric models whose Euclidean vector distance 
satisfies a geometric threshold. 
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16. An automatic handwritten symbol recognizer that 
recognizes a handwritten input symbol having sequential 
features written according to a time sequential order, com 
prising: 

16 
identifying the geometric model or models that most 

closely match the input symbol geometric representa 
tion. 

18. The method of claim 17 wherein the translating step 
a symbol analyzer that receives a time sequence of 5 includes translating the coordinate information for each 

coordinate information representing the sequential fea 
tures of the input symbol according to the time sequen 
tial order in which the sequential features were written, 
translates the coordinate information for each written 
sequential feature into a feature code representing one 
of a predetermined number of feature models, and 
produces an input label of feature codes ordered 
according to the time sequential order in which the 
features were written, the symbol analyzer also creates 
a geometric representation of the input symbol; 

a memory storing reference symbol information including 
a plurality of label models and a plurality of geometric 
models, each label model including a plurality of 
feature codes in a predetermined order and correspond 
ing to one of the geometric models; 

a label comparator that compares the input label with the 
label models and identifies the label model or models 
that most closely match the input label, wherein the 
label comparator includes means for comparing the 
input label only with label models having the same 
number of feature codes as the input label during a first 
pass and wherein the label comparator includes means 
for comparing the input label with label models having 
one more or one less feature code than the input label 
during a second pass; and 

a geometric comparator that compares the geometric 
models corresponding to the label models most closely 
matching the input label with the geometric represen 
tation of the input symbol and identifies the geometric 
model or models that most closely match the geometric 
representation of the input symbol. 

17. A computerized method of recognizing a handwritten 
input symbol having features written according to a time 
sequential order, comprising: 

receiving a time sequence of coordinate information rep 
resentative of the input symbol; 

translating the coordinate information into an input label 
of one or more feature codes ordered according to the 
time sequential order of the features, each feature code 
representing one of a predetermined number of feature 
models; 

comparing the input label to a plurality of stored label 
models without regard for positions of the features 
represented by the feature codes of the input label, each 
label model corresponding to a stored geometric model 
and including a defined sequence of feature codes that 
are compared to the input label according to the time 
sequential order in which the features of the input 
symbol were written, each geometric model including 
data representing positions of features of a reference 
symbol represented by the geometric model; 

identifying a most closely matching subset of the stored 
label models by identifying the label model or models 
most closely matching the input label regardless of the 
positions of the features represented by the feature 
codes of the input label; 

creating a geometric representation of the input symbol, 
the geometric representation including data represent 
ing positions of features of the input symbol; 

comparing only the geometric models corresponding to 
the label models of the most closely matching subset 
with the geometric representation of the input symbol; 
and 
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written feature into a feature code representing one of 
thirteen feature models. 

19. The method of claim 17 wherein the translating step 
includes vectorizing the coordinate information into a time 
sequence of vector codes representing vector information of 
the features. 

20. The method of claim 19 wherein the translating step 
includes smoothing anomalous vector codes. 

21. The method of claim 19 wherein the translating step 
includes translating a portion of the vector codes into one of 
the feature codes. 

22. The method of claim 17 wherein the translating step 
includes determining whether an end portion of a pen stroke 
is intended to be part of a feature or an unintended hook and 
ignoring the end portion if it is determined to be an unin 
tended hook. 

23. The method of claim 22 wherein the determining step 
includes: 

vectorizing the coordinate information into a plurality of 
vector codes representing vector information of the 
features; and 

identifying an unintended hook if the number of vector 
codes created for the end portion of the pen stroke is 
less than a predetermined fraction of the number of 
vector codes created for the entire pen stroke. 

24. The method of claim 17 wherein the translating step 
includes saving a subset of the coordinate points of a feature 
and discarding the remaining coordinate points of the fea 
ture. 

25. The method of claim 24, further including limiting the 
subset saved to two coordinate points, one of the two 
coordinate points being an end point of the feature. 

26. The method of claim 17 wherein the translating step 
includes: 

rearranging the order of the feature codes of the input 
label after the input symbol geometric representation 
corresponding to the input label is compared to the 
geometric models; and 

comparing the rearranged input label to the label models. 
27. The method of claim 17 wherein the comparing labels 

step includes comparing the input label only with label 
models having the same number of feature codes as the input 
label during a first pass. 

28. The method of claim 17 wherein the comparing labels 
step includes identifying a score for each comparison of the 
input label with one of the label models and saving the 
scores that satisfy a predetermined label threshold. 

29. The method of claim 17 wherein the geometric 
comparing step includes computing a Euclidean vector 
distance for each geometric model, the Euclidean vector 
distance representing how closely the geometric model 
matches the geometric representation of the input symbol. 

30. The method of claim 29 wherein the geometric 
representation created is limited to exactly two coordinate 
points for each feature and the step of computing a Euclid 
ean vector distance includes computing the Euclidean vector 
distance for a selected geometric model by determining a 
distance between each of the two coordinates points for each 
feature and corresponding coordinate points for the selected 
geometric model. 

31. The method of claim 30, further including displaying 
one of the geometric models whose Euclidean vector dis 
tance satisfies the geometric threshold. 
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32. A computerized method of recognizing a handwritten 
input symbol having features written according to a time 
sequential order, comprising: 

receiving a time sequence of coordinate information rep 
resentative of the input symbol; 

translating the coordinate information into an input label 
of one or more feature codes ordered according to the 
time sequential order of the features, each feature code 
representing one of a predetermined number of feature 
models; 

comparing the input label to a plurality of stored label 
models having the same number of feature codes as the 
input label during a first pass, each label model corre 
sponding to a stored geometric model and including a 
defined sequence of feature codes that are compared to 
the input label according to the time sequential order in 
which the features of the input symbol were written, 
wherein the comparing labels step includes comparing 
the input label with label models having one more or 
one less feature code during a second pass; 

identifying the label model or models most closely match 
ing the input label; 

creating a geometric representation of the input symbol; 
comparing the geometric models corresponding to the 
most closely matching label models with the geometric 
representation of the input symbol; and 

identifying the geometric model or models that most 
closely match the input symbol geometric representa 
tion. 

33. A computerized method of recognizing a handwritten 
input symbol having features written according to a time 
sequential order, comprising: 

receiving a time sequence of coordinate information rep 
resentative of the input symbol; 

vectorizing the coordinate information into a plurality of 
vector codes each of which represents a direction taken 
while the input symbol was being handwritten; 

translating the vector codes into an input label of one or 
more feature codes ordered according to the time 
sequential order in which the features were written, 
each feature code representing one of a predetermined 
number of feature models; 

comparing the input label to a plurality of stored label 
models having the same number of feature codes as the 
input label during a first pass and comparing the input 
label with label models having one more or one less 
feature code during a second pass, each label model 
corresponding to a geometric model of a written sym 
bol; and 

identifying the input label model or models that most 
closely match the input label. 

34. The method of claim 33, wherein the vectorizing step 
includes: 

determining a direction traveled from a first point to a 
second point as the input symbol is being handwritten; 

translating the direction into one of a plurality of vector 
codes; 

repeating the steps of determining a direction and trans 
lating the direction for a plurality of first points and a 
plurality of second points to create the plurality of 
vector codes for the input symbol. 

35. The method of claim 33, further including determin 
ing whether an end portion of a pen stroke is intended to be 
part of a feature or an unintended hook and ignoring the end 
portion if it is determined to be an unintended hook. 
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36. The method of claim 35 wherein the determining step 

includes: 
identifying an unintended hook if the number of vector 

codes created for the end portion of the pen stroke is 
less than a predetermined fraction of the number of 
vector codes created for the entire pen stroke. 

37. The method of claim 33, further including: 
storing a plurality of geometric models, each of which 

corresponding to one of the label models 
creating a geometric representation of the input symbol; 
comparing the geometric models corresponding to the 
most closely matching label models with the geometric 
representation of the input symbol; and 

identifying the geometric model or models that most 
closely match the geometric representation of the input 
symbol. 

38. The method of claim 37 wherein the geometric 
representation created is limited to two coordinate points for 
each feature and the step of computing a Euclidean vector 
distance includes computing the Euclidean vector distance 
for a selected geometric model by determining a distance 
between each of the two coordinates points for each feature 
and corresponding coordinate points for the selected geo 
metric model. 

39. An automatic handwritten symbol recognizer that 
recognizes a handwritten input symbol having features writ 
ten according to a time sequential order, comprising: 

a symbol analyzer that receives a time sequence of 
coordinate information representing the features of the 
input symbol and translates the coordinate information 
for each feature into a feature code representing one of 
a predetermined number of feature models, the symbol 
analyzer also creates a geometric representation of the 
input symbol by saving a subset of the coordinate 
points of each feature and discarding the remaining 
coordinate points of the features, the subset saved 
including an end point of the feature; 

a memory storing reference symbol information including 
a plurality of label models and a plurality of geometric 
models, each label model including a predetermined 
sequence of feature codes and corresponding to one of 
the geometric models; 

a label comparator that compares sequentially the feature 
codes of the input symbol with the feature codes of the 
label models according to the time sequential order in 
which the features of the input symbol were handwrit 
ten and identifies the label model or models whose 
feature codes most closely match the feature codes of 
the input symbol; and 

a geometric comparator that compares geometric models 
corresponding to the label models whose feature codes 
most closely match the feature codes of the input 
symbol with a geometric representation of the input 
symbol and identifies the geometric model or models 
that most closely match the geometric representation of 
the input symbol. 

40. The handwriting recognizer of claim 39 wherein the 
symbol analyzer is adapted to translate the coordinate infor 
mation for each feature into a feature code representing one 
of thirteen feature models. 

41. The handwriting recognizer of claim 39 wherein the 
symbol analyzer includes means for vectorizing the coordi 
nate information into a plurality of vector codes representing 
vector information of the features. 

42. The handwriting recognizer of claim 41 wherein the 
symbol analyzer includes a filter adapted to smooth anoma 
lous vector codes. 
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43. The handwriting recognizer of claim 41 wherein the 
symbol analyzer includes means for translating a portion of 
the vector codes into one of the feature codes. 

44. The handwriting recognizer of claim 39 wherein the 
symbol analyzer includes a hookfilter adapted to determine 
whether an end portion of a pen stroke is intended to be part 
of a feature or an unintended hook. 

45. The handwriting recognizer of claim 39 wherein the 
symbol analyzer includes means for arranging the feature 
codes of the input label according to the sequential order in 
which the coordinate information corresponding to the fea 
ture codes was produced. 

46. The handwriting recognizer of claim 45 wherein the 
label comparator includes: 
means for rearranging the order of the feature codes of the 

input label after the geometric representation of the 
input symbol corresponding to the input label is com 
pared by the geometric comparator; and 

means for comparing the rearranged input labels to the 
label models. 

47. The handwriting recognizer of claim 39 wherein the 
label comparator includes means for comparing the input 
label only with label models having the same number of 
feature codes as the input label during a first pass. 

48. The handwriting recognizer of claim 39 wherein the 
label comparator includes means for identifying a score for 
each comparison of the input label with one of the label 
models and means for saving the scores that satisfy a 
predetermined label threshold. 

49. The handwriting recognizer of claim 39 wherein the 
geometric comparator includes means for computing a 
Euclidean vector distance for each geometric model, the 
Euclidean vector distance representing how closely the 
geometric model matches the geometric representation of 
the input symbol. 

50. The handwriting recognizer of claim 49 wherein the 
geometric representation of the input symbol is limited to 
exactly two coordinate points for each feature and the means 
for computing a Euclidean vector distance computes the 
Euclidean vector distance for a selected geometric model by 
determining a distance between each of the two coordinates 
points for each feature and a corresponding coordinate point 
for the selected geometric model. 

51. The handwriting recognizer of claim 49. further 
including output means for causing to be displayed one of 
the geometric models whose Euclidean vector distance 
satisfies a geometric threshold. 

52. A computer-readable storage medium for controlling 
a computer to recognize a handwritten input symbol having 
features written according to a time sequential order, com 
prising: 

computer instructions for receiving a time sequence of 
coordinate information representing the Features of the 
input symbol; 

computer instructions for translating the coordinate infor 
mation for each feature into a feature code representing 
one of a predetermined number of feature models; 

reference symbol information including a plurality of 
label models and a plurality of geometric models, each 
label model including a predetermined sequence of 
feature codes and corresponding to one of the geomet 
ric models; 

computer instructions for comparing sequentially the fea 
ture codes of the input symbol with the feature codes of 
the label models according to the time sequential order 
in which the features of the input symbol were hand 
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written and identifies the label model or models whose 
feature codes most closely match the feature codes of 
the input symbol; and 

computer instructions for comparing geometric models 
corresponding to the label models whose feature codes 
most closely match the feature codes of the input 
symbol with a geometric representation of the input 
symbol and identifies the geometric model or models 
that most closely match the geometric representation of 
the input symbol; and 

wherein the computer instructions for comparing the 
feature codes with the label models include computer 
instructions for comparing the input label with label 
models having one more or one less feature code than 
the input label during a second pass. 

53. A computer-readable storage medium including 
executable instructions for controlling a computer to recog 
nize a handwritten input symbol having features written 
according to a time sequential order, the executable instruc 
tions comprising instructions for: 

receiving a time sequence of coordinate information rep 
resentative of the input symbol; 

translating the coordinate information into an input label 
of one or more feature codes ordered according to the 
time sequential order of the features, each feature code 
representing one of a predetermined number of feature 
models; 

comparing the input label to a plurality of stored label 
models without regard for positions of the features 
represented by the feature codes of the input label, each 
label model corresponding to a stored geometric model 
and including a defined sequence of feature codes that 
are compared to the input label according to the time 
sequential order in which the features of the input 
symbol were written, each geometric model including 
data representing positions of features of a reference 
symbol represented by the geometric model; 

identifying a most closely matching subset of the stored 
label models by identifying the label model or models 
most closely matching the input label regardless of the 
positions of the features represented by the feature 
codes of the input label; 

creating a geometric representation of the input symbol. 
the geometric representation including data represent 
ing positions of features of the input symbol; 

comparing only the geometric models corresponding to 
the label models of the most closely matching subset 
with the geometric representation of the input symbol; 
and 

identifying the geometric model or models that most 
closely match the input symbol geometric representa 
tion. 

54. The storage medium of claim 53 wherein the instruc 
tions for translating the coordinate information include 
instructions for vectorizing the coordinate information into 
a time sequence of vector codes representing vector infor 
mation of the features and translating the vector codes for 
each written feature into a feature code representing one of 
thirteen feature models. 

55. The storage medium of claim 53 wherein the instruc 
tions for translating the coordinate information include 
instructions for determining whether an end portion of a pen 
stroke is intended to be part of a feature or an unintended 
hook by identifying an unintended hook if the number of 
vector codes created for the end portion of the pen stroke is 
less than a predetermined fraction of the number of vector 
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codes created for the entire pen stroke and ignoring the end 
portion if it is determined to be an unintended hook. 

56. The storage medium of claim 53 wherein the instruc 
tions for creating a geometric representation include instruc 
tions for limiting the geometric representation to exactly two 
coordinate points for each feature and the instructions for 
comparing only the geometric models include instructions 
for computing a Euclidean vector distance for each geomet 
ric model corresponding to one of the label models of the 
most closely matching subset by determining a distance 
between each of the two coordinates points for each feature 
and corresponding coordinate points for the geometric 
model, the Euclidean vector distance representing how 
closely the geometric model matches the geometric repre 
sentation of the input symbol. 

57. The storage medium of claim 53 wherein the instruc 
tions for translating the coordinate information include 
instructions for: 

rearranging the order of the feature codes of the input 
label after the input symbol geometric representation 
corresponding to the input label is compared to the 
geometric models; and 

comparing the rearranged input label to the label models. 
58. A computer-readable storage medium including 

executable instructions for controlling a computer to recog 
nize a handwritten input symbol having features written 
according to a time sequential order, the executable instruc 
tions comprising instructions for: 

receiving a time sequence of coordinate information rep 
resenting the features of the input symbol; 

translating the coordinate information for each feature 
into a feature code representing one of a predetermined 
number of feature models; 

creating a geometric representation of the input symbol by 
saving a subset of the coordinate points of each feature 
and discarding the remaining coordinate points of the 
features, the subset saved including an end point of the 
feature; 

storing reference symbol information including a plurality 
of label models and a plurality of geometric models, 
each label model including a predetermined sequence 
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of feature codes and corresponding to one of the 
geometric models, 

comparing sequentially the feature codes of the input 
symbol with the feature codes of the label models 
according to the time sequential order in which the 
features of the input symbol were handwritten, 

identifying the label model or models whose feature codes 
most closely match the feature codes of the input 
symbol; 

comparing geometric models corresponding to the label 
models whose feature codes most closely match the 
feature codes of the input symbol with the geometric 
representation of the input symbol; and 

identifying the geometric model or models that most 
closely match the geometric representation of the input 
symbol. 

59. The storage medium of claim 58 wherein the instruc 
tions for translating the coordinate information include 
instructions for vectorizing the coordinate information into 
a time sequence of vector codes representing vector infor 
mation of the features and translating the vector codes for 
each written feature into a feature code representing one of 
thirteen feature models. 

60. The storage medium of claim 58 wherein the instruc 
tions for translating the coordinate information include 
instructions for determining whether an end portion of a pen 
stroke is intended to be part of a feature or an unintended 
hook by identifying an unintended hook if the number of 
vector codes created for the end portion of the pen stroke is 
less than a predetermined fraction of the number of vector 
codes created for the entire pen stroke and ignoring the end 
portion if it is determined to be an unintended hook. 

61. The storage medium of claim 58 wherein the instruc 
tions for translating the coordinate information include 
instructions for: 

rearranging the order of the feature codes of the input 
label after the input symbol geometric representation 
corresponding to the input label is compared to the 
geometric models; and 

comparing the rearranged input label to the label models. 
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