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Abstract—QuickScan Calculator (QSC) has been proposed o Students who are loaded with tons of mathematics
in this paper. QSC is a highlighter shaped electronic cal- assignments and works may consider to purchase the
culator equipped with Optical Character Recognition (OCR) calculator in order to increase the working efficiency
technology. It generates results instantaneously when an arith- . . .
metic expression is scanned by the QSC. Therefore, people apd acpuracy W'tr_' calculat|0n-or|entateq works.
can perform calculations without the process of “punching « Financial professionals These professional who have
buttons”. This would help the people to reduce the error made to deal with large amount of calculation and data input
when wrong buttons are punched. Technical implementation may consider to purchase the calculator in order to

concerns, societal concerns and possible future developments gy ce time for calculation and incorrect calculation.
have been fully addressed in this positioning paper.

In this positioning paper, Sections II, Il IV and V describe
main features, technical implementation concerns, flexibility
analysis, and societal concerns of using SQC, respectively.

Finally, possible future developments are shown in Sec-
I. INTRODUCTION tion VI.

Index Terms—common core curriculum, formula recognition,
computation

HE rapid development of technologies has made a huge

change on the way we think. It enables people with
creative ideas to make an impact on our lives. II. MAIN FEATURES

Recently, we have heard complaints from students doing .

mathematics and accounting. They have difficulties in gettifyy Main Features
the correct answer when they are doing assignments anq
tests, not because they were unclear about the concept%
they made careless mistakes, but because they just sim &i
punched the wrong button on their calculators without regk

1zing it . . . . on inputting the data into the traditional calculator is greatly
In ancient times, people performed calculation using th duced

brains and hands. With the development of technology, ca-2 A “The traditional method of input is b

culators were invented to help people perform calculations. ) ccuracy. The traditional metnod of Input 1S by press-

Those who do not trust their brains may use calculators | the buttons in the order of the arithmetic expression. The
gR sensor is able to successfully avoid the errors made

check their answers. Nowadays, students complain that e button i 4 and i th
the calculators cannot be trusted because they are so care calcilgc:ggg utton 1S pressed and improve the accuracy

in punching the buttons. How to solve such a proble ) o
We have come up with an idea of performing calculations 3) Functions: The calculator can be built into a both-
without the process of “punching buttons”. Therefore, wnded highlighter, such that one of the ends is a highlighter
have proposed The QuickScan Calculators (QSC). QscWaile another end is QSC. The QSC end is equipped with
a highlighter shaped electronic calculator equipped wifROSt of the _fe_atures of thg trad|t|or_1al_ SC|_ent|f|g (_:a_lculators in-
Optical Character Recognition (OCR) technology. It geneqzludlng addition, s.ubtract|0n, multiplication, division, power,
ates results instantaneously when an arithmetic expressiofigs@re roots, cubic roots, etc.
scanned by the QSC. This would help the people to reduce4) Ergonomics:Traditional calculator has a lot of buttons.
the error made when wrong buttons are punched. While QSC does not require user to press any button (or just
Different QSCs are designed to satisfy the needs lgyfew), it leads to less chance for joint strain and muscle
different types of consumers. The main benefit of usirfgtigue. A product that keeps you efficient and healthy at the
QSC is to improve calculation accuracy by avoiding mistakéame time
due to human action and increase efficiency in study and
business. There are mainly two kinds of potential users:

Efficiency: It greatly differs from the traditional calcu-
rs by replacing the keyboards by OCR sensor at the flat
. It requires the user to press the sensor lightly against
e text and slide over the arithmetic expression. Time spent

IIl. TECHNICAL ANALYSIS
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symbols are involved. And the recognized text is then passed
to calculation.

B. OCR Calibration

It is to note that different individuals may develop different
styles of handwriting. Therefore, developing OCR software
targeting every individual consumers need may be necessary
since personalized OCR service with OCR calibration may
greatly increase the accuracy of the character recognition.

This requires the user to calibrate his or her QSC before
the first use. The expressions used for calibration are pre-
Fig. 1. Calculations without QSC. stored in the QSC and are known to the users. The QSC
may require the user to scan the hand-write version of these
pre-stored expressions. The image obtained is then matched
and registered to the pre-stored expression. The differences
and similarities between the users hand-writing and the pre-
stored version can be generated.

The pre-stored expressions must cover a wide range of
—% numbers and symbols. Some of the pre-stored expression
5‘9 ‘ R used for calibrations can be as followed.

: To further illustrate this, the QSC requires the user to enter
number “8”. There is a user who write a single digit “8” in
" a very fancy way. The normal OCR may not recognize the
“8” written by him. However, the personalized OCR can scan
the “8” he writes and define the image obtained as number
“8". After several calibrations, the QSC is able to memorize
the users habit of writing numbers and symbols. The next

1) Pre-processing: The purpose of pre-processing is tdime the.personalizeq OC_:R receives this fancy image, it will
improve the chances of success in character recognitiGytomatically recognize it as number “8”. This is likely to
Several methods are used to achieve this goal. increase the scanning accuracy when scanning hand-written

1) De-skewing fine-tiles the scanned image so that ghapthematical expressions.

text aligns properly, namely completely horizontal.
2) Line removal removes the non-glyph elements such &s Calculation Method Analysis

Fig. 2. Calculations with QSC (hypothetical scenario).

lines and boxes. _ . 1) Calculation Input Method:The recognition process is
3) Line and word detection recognize the shapes of tBown in Fig. 3. There is a light bean coming out from the
characters. scanning head to indicate the range of the scanning. For a

4) Segmentation separates the connected characters wRigbrt word, users have to put the scanning head closer to the
should have been separated, connect the separaigdation. For a long word, users have to put it farther away.
characters which should have been connected. The QSC can adjust the focus automatically by detecting the

5) Normalizing adjusts the image to aspect ratio. distance from the paper.

2) Character Recognition:In order to recognize these Infix notation is us used as the calculation input method
numbers and symbols after pre-processing, matrix matchimgthe QSC. It is generally accepted and adopted by many
is then performed to compare the image to the glyph in thistinguishing instruments producers such as SHARP and
storage on a pixel scale. The final results largely depend 6asio. Infix notation as a calculation input method is named
the pre-processing step and the comparison step. A betisrDirect Algebraic Logic (D.A.L.) by SHARP while Vi-
performance is expected with printed text such as textboslally Perfect Algebraic Method (V.P.A.M) by Casio. This
or question sheet. operation method allows the input of the numbers and

During processing, the images are capture by the imaggmbols in the same order as what it is written. Figure 4
sensor inside QSC. The sensor will detect the frame dghows a few examples to illustrate how the post-processing
ference and combine frames to form a whole image of tmeathematical expression is interpreted and calculated by the
mathematical equation using the technique of image stitchi@§C.
by slightly overlapping the images captured by the sensor.The functions used for calculation are pre-installed in the
Once the numbers or symbols are recognized, the data w#liculator. When the expression is processed from left to
be sent to the micro-processor for calculation. right by the QSC, the associated functions will be called in

The respond of the image sensor inside can detect motimnler.
up to 150 inch per second so fast scanning will not be a2) Calculation ProcessingThere are two ways for cal-
problem. culation processing: Whole calculation mode and continuous

3) Post-processing: Usually, the recognized text iscalculation mode.
checked for accuracy by lexicons and grammars. HoweverFor whole calculation mode, user can press the button on
it is not necessary of the QSC because only numbers ahé QSC and start to scan the whole equation. Once the scan
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is finished, press the button again and the QSC will procesase of cheating during exams in which calculators are not
the image and give out the answer. permitted. There will probably be an increase in the cost
For continuous calculation mode, user can press the buttwinchecking at the entrance of the examinations. More time
while scanning the equation. The QSC will process the dataust be allocated to checking the possession of QSC and
simultaneously while scanning so to reduce the input bufféhe efficiency is therefore reduced. Moreover, some of the
In this mode, the length of the input equation can be evégachers doubt whether this will reduce the students incentive
longer depends on the type of the equation. to check their own work. Students may over-rely on the QSC
This can be done by calculating the equation segmermatsd this is likely to affect their abilities to spot the own
enclosed by plus, minus or bracket. QSC continuously simiistakes during the exams where QSC is not permitted.
plifies the equation when it scans from left to right as shown Another possible concern would be about the real underly-
in Fig. 5. ing meaning of learning mathematics. One of our interviewed
secondary school teachers has mentioned that learning math-
IV. FLEXIBILITY ANALYSIS ematics is about training our logical thinking, and patience
but not just getting the correct answers. She worries about

) the attitude towards learning if students will be using QSC
1) Cost of Hardware for OCR and Calculatiomardware iy the future. In her opinion, such an accuracy-improving

is relatively a small portion of the total cost as the productiofeyice should be used in professional or business aspect in

techniques of optical equmem are very mgture_ nqv.\/adaﬁ,sder to speed up work efficiency.

The large scale of optical devices production significantly

lowered the cost of the required optical devices. Moreover, VI. PRODUCTION EXTENSION AND FUTURE

the optical devices required for the four different editions of RESEARCHES

QSC is essentially the same. The projected sale is direcRy

. . . User Interface Improvement

proportional to the cost for hardware assuming that the i

hardware cost per QSC is constant. Firstly, QSC interface for smartphone platform can be
2) Cost of Software for OCR and Calculatiofhis con- developed. This allows calculations to be done based on

stitutes a larger portion of the total cost. In order to achieR0tos containing mathematical expressions taken by the

higher accuracy in calculations, the OCR process must BEONe camera, so users would not have to bring an extra QSC

extremely accurate. This requires the use of sophisticafi®d calculation. Also, an advanced QSC with camera might

OCR software, such as Onmipage, Tesseract, ExperVisif developed. With the aid of camera, QSC may be able

and ABBYY FineReader. Negotiation with these companid@ analyze more complex mathematical problems involving

is necessary to set the cost of the software. OCR softw&@Phs, charts and geometries. This might attract consumers

with different functions is used for the four different type$Uch @s engineers and scientists who work alongside with

of QSCs, resulting in different market prices. Furthermor81athematics. Thirdly, speakers can be installed into QSC to

this cost is expected to be roughly constant through the yeBf§Vide voice message of calculation results or instructions.
assuming this cost does not grow with sales. This can enhance the accessibility of QSC for disabled.

A. Cost Analysis

V. SOCIETAL CONCERNS OFUSING QSC B. New Application: QuickScan Musical

QSC should be used widely for its convenience. The use©ther than the above proposals, we also develop com-
of QSC in exams is likely to save the candidates time §f€t€ly new products which are inspired by the QSC. For
punching the calculators and worrying whether the corregX@mple, QuickScan Musical (QSM) is a highlighter shaped
button is punched. It may largely improve the accuracy &f€Ctronic musical score reader equipped with OCR. It gen-
the numerical answers and hence the improving the efficierf§fiteS sound with pitch and duration as written on the score
in completing the exam papers. instantaneously when a musical score is scanned by the

We have interviewed several students from The UniversifgoM- This would help the musicians and performers to
of Hong Kong and their responses were positivéhink the reduce the error made and time spent when reading musical
QSC should be used for examination because it can helpSgPres- Therefore, the targeted consumers are musicians,

avoid the mistakes made by punching the wrong buttons¥§19-Writers, performers and students studying music.
the calculator. After all, examination is an assessment of ourThe cost of QSM is expected to be lower than the QSC

knowledge of the course rather than calculation skilksdid because no calculatior_1 input is required but simply the OC_:R'

Li Hanhua, a year one student studying Actuarial Sciende®” Q_SM’ only MID!I files of each .notes on the chromatic

Some students also mentioned that it will be particular§F@€ is needed to be pre-stored in the memory. When the

useful for accounting courses because large amount of d&fg9€ Of the score is detected, the relevant MID!I file will be

has to be processed and the calculation can be tedious BlRyed accordingly.

lengthy. If careless mistakes can be avoided, the grade may .

be significantly improved. Overall, most students would lik€- Calculators Refinement

to attempt examinations with QSC and support the use ofNot many years ago, nobody has ever thought of using a

QSC during examinations. touch-screen phones and computers. Nowadays, the market
However, some of the teachers have expressed their objetsmart phones and tablets are expanding at such an aston-

tion of QSC during exams. Their main reason is that the peishing pace. Apple redefines phones by introducing the touch

shaped QSC might be easily disguised as a normal pen @adeen. Our company can redefine calculators by launching

hence be brought into the examination venue. This provid@SC.
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What QSC and the first iPhone share in common is that
they both abolished the traditional concept of the product and
exploring innovative ways to give its user mind-blowing ex-
periences. Some have predicted that in the next five years, the
traditional calculator producers would have to be equipped
with an OCR component or introducing new figures to in
order to compete market shares with the QSC. This is likely
to influence other electronic devices and their industries. The
use of OCR may become more extensive and the benefit of
OCR can be further explored by all.

However, some points out that this type of calculator
may not generate the desired social impact. The demand
for traditional calculators is very inelastic as people are ex-
tremely used to punching buttons, checking their answer by
re-punching the buttons. Therefore, the QSC Company may
need to consider how to successfully bridge the transitions
from using traditional calculator to the QSC. Moreover, the
projected social impact may also depends on any new prod-
ucts or technologies introduced at the same time. Therefore,
the actual social impact remains undetermined.

VII. CONCLUSION

A transportation advisory system “QuickScan Calcula-
tor” has been proposed in this positioning paper. With
“QuickScan Calculator”, people can know reduce the error
made when wrong buttons are punched. The user interface,
technical implementation concerns, and societal concerns
have been fully discussed in this paper. Furthermore, feasibil-
ity of possible extensions, such as new musical applications
as well as development of informative and personalized user
interface have been studied.
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