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Abstract When we have a digital image which contains some objects and a ruler, we know the size of objects by rough

estimate. Since measuring the object size in the digital image is usually manual, we developed the detection method of scale

interval on a ruler. In our method we transfer digital image into frequency space using two-dimensional discreet fourier trans-

formation, a specific frequency appears. This means that the image have cyclic pattern like scale on a ruler. Thus we can

calculate the scale interval by the detected frequency.
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Table 1 Image of ruler
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Fig. 1 Relation between image and frequency space
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Fig. 2 Flowchart of the process
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Fig. 3 Integration path of power spectrum density
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Fig. 4 Integration path of pseudo power spectrum density
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Fig. 5 Candidate scale blocks
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Fig. 7 Blocks of scale
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Fig. 8 Cliping blocks of scale
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Fig. 9 Frequency space of Fig.8

5. 2 v�wyx�����Y	�´x���

*C+ -���X8t�u�U�V6��BvS�TF3 x µZ�@�
�O)We&f�x�q0P
�AB
�F@4Y�µ������/� H b H q�<�a8��xABF*�+�-���Xzt
u�UvV�3��Rh~� b *�+ -��FX#t�u�U=V�9M� r �T� 94ª0¥
�?­&(;3��b²&9
� -e28Y§B�a67;9~*�+�-�£�¤ �,:8P�<�a
3���ªMB�*v+�-�£�¤;36S6Tbljm o � Mscale ×Nscale � H P�<

5. 3 ����
3Y_v�w´x����X�b�
*�+�-C£�¤ 9 \ 9 3T�~�M) j�k l�m6n o Y§B { k V�9� » :OPM<�*v+ -�£A¤830{ k V$2�3j��B�*v+�-���X~t�u§U
V?3F{ k V$2�3�9d��� Y�QW2�3 (fuave , 0) 3*º! ~)��07OP�<
aF�Mx�B?*v+ -���X8t�u�U�VO��·�"8¥M70Q�t�u�U�V?3F{ k
Vd2�3;3Y��� (uave, 0) 9:ª8R [ s 8 ^´B�a�3 I�J�K (fuave , 0)

3 δ− º# ;x I0J�K�� X;�6­�9�� H PY2�3 (uscale, 0) 9�1
2?:8P [ s 9 ^ <

uave =
1

‖S‖
∑

(u,0)∈S

u (8)

S = {(u, 0)| $�*�+�-���Xzt�u�U=V63~{ k V!2�3 }

uscale = {w| max
f∈(uave−δ,uave+δ)

pwd(w)} (9)

� ��x�B δ 3Y8T�
δ =

Mscale

L
(10)

x6N8R#b,7;P�<
­�®;)�B I�J�K fuscale �&b J�% 9:ª~R0P8�=B�a?7�� ���
À;3�.�/�: H'&�( ����Y�3�*�+�-§.�/ d xO�0P�<

d =
1

fuscale

=
Mscale

uscale
(11)

Q�+;Y,B I�J�K uscale �&�O-���P!8;3*),+]�?B
λ <= uscale <

Mscale

2
(12)

� H P�< � � r B�*�+�-,.�/ d 3�1;2/��� H 883�)-+���B
2 < d <=

Mscale

λ
(13)

xF�0P�<
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Fig. 10 Relation betoween C and k
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a-1 A A

Fig. 11 c(k) of block contained scale
@
table2-

@
a-1 A A

5. 4 v�wyx3�4�|Y05*6
*�+�-�9|��� S?T#9 jAk4l,m�n o :~P;��B��&	 J&� X
�| #767~PO{ k V;�*\nf,y �z9M| � Q I J�K�� XF�z{ k
VY2]3z3 s 84>�Q�� 1/s

[
s �:9<; K ^�3'= ZF)��;7zP�<

��3���	 J 9M¶ � r { k V~� ±�> Y r Y�>;����hF��� P�<
:�P��,B0*,+�-e. /j��?A@~3 1/s > Q]� s 8~xA1#2~¥�7r Y6>&� [ s 11 ^ <�a03�Q�R6B§1z2~¥�7~Q&*,+�-e. /��
°ZY�q�� \��,�89e·�NO:8P��CBO�O�0P�<
>�@�B�*=+�- [ *=+�-�.A/�� d′pixel ^,�6��>�7 r qFP�S
T���a 36SATz9 x µ]±N��) k @ bAY�Q~µ�3�3�$OS�D�8;3
��X�8#9;�O-`B�a�3��0X�88� ρ /&0;3�S'D K 9�EAF�G��
Y,B�@ b�Y�Q�S6T��§@ b§: S 3�S6T~�IH H�� r qOP���X
C
[�\

10 ^?3�JR£~x r � QY8&9 c(k) �§:8P*s [ 14 ^ <M:8P
�§B c(k) � k ; d′ × z

[
z �:9<; K ^ xCK�9.849��?P [ \

11 ^ <

c(k)=
1

‖C‖

C
∑

(m,n)







1 if(|x(m,n)−x(m+k, n)|<ρ)

0 otherwise
(14)

C := {(m, n) L�@ b�Y�QASAT��MH H�� r qOP���X }

a��?x B,1&2��0¯ d �_° Y�q���·FN8:zP )R�AB�S�T 9NAO )6@4b�Y r c(k) 9*ª;R6B c(k) �'K�9�8#9;� � Q#��ªMB
k ; d × z

[
z �:94; K ^=9Y0#Q#Y r q;P��z9W	-P0B'0zQ

Y r q H!Q 7#7�B�*=+�-�� X�t u�U�V�x H q#�v· N�:~P�<
��7�9 z 3�8~� σ ) H P >Ax�R�-TSO:v<��A3�¸ ¹49M� r
3;*=+ -����8t u�U�V?)!E Y�B�µ Y�BA*=+ -���X8t u�U�V
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Fig. 12 Sample images

@
1 A @

2 A @
3 A

@
4 A @

5 A @
6 A

@
7 A @

8 A @
9 A

@
10 A @

11 A @
12 A

�AY r�� � Q t�u�U�V K � ξ =R¦ H b 7�1;2M��¯ d ��° Y
q �v·FN&¥�7�B�a4�ex H qU�Rh´�6B�*,+�-��0X#t�u?UvV
3�1�2�3�¸ ¹�) º -�fz3�� �&9 � :�<

6. �	��

�
��� Y�Q�� * 9����F:;P�?����AY r B����ZY�3�*�+�-

.�/F3�� ¨49|ªzR0Q6<�?��8)R�?B������ ���z9�À O H �
 �� !z)d`RaZY?QAS�T 12 " [ S�T]lnm o � 512 × 512 3#%$ kR�'&8k �;S�T~^A9�l G�(����0Y r�) p Y�Q [ \
12 ^ < H�* BMSAT�²bsy� PGM

[
Portable GrayMap file format ^

²js�x;�8P6<����0B+�,� ��µA)4*§+ -*� 1mm .0/Fx8�
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Table 3 error���
��� ����� � �
	�� ��� 
��

1 4.15 4.13 0.02 �����������������
2 6.84 - -  
!���"$#
3 5.46 5.33 0.13

4 2.75 2.75 0.00

5 4.11 - -  
!���"$#
6 4.20 4.20 0.00

7 2.54 2.55 0.01

8 5.06 5.07 0.01

9 8.66 8.83 0.17

10 4.44 4.41 0.03

11 5.84 5.82 0.02

12 8.10 8.13 0.03%�&
0.04 '�(

:pixel/mm

P�<�� � r B�1�2O¥�78P;*�+�-§.�/�3�8n� 1mm
¢ Q -§3

pixel
K � H P�< *�+�-§.�/?1z2�¸ ¹�)j� � r*) b,7~QY8

�,+;S T8�ZbF*$1;x�ª#RFQ4*§+ -M.0/83 8��?3?�OXc9
ªzROP~�~�Mx�1z2 �0¨&9/ªzROP?<�¸�¹z)Ap8q~P
<�8y�6B
L = 64, λ = 7, ν = 1.0, ξ = 4, ρ = 5, σ = 2 ��Y?Q6<�a�3?�
¯z9�� 3 )|tF:v<�182M��¯83�¶A�T� 0.04pixel/mm x � � Q�<\

12
[
1 ^e3?S�T����� ~3 I�JAK 9O*v+ -���Xc� ±C> Y r

Y�> � Q?�6B?*�+ -�.A/�� °�± ¥M7ABC¶ � Q���¯Fx���P~�
·FN&¥�7OQ���B�¦F¨FB�*�+ -C��X#t�u�U=V�1z2A�cbvf#3
� �#9.-0/ Q PF�O��)�� � r °�Y�q?1�2���¯&9 ) PF�O�
��x~ª�Q�<?Y§��Y�B \ 12

[
2 ^A� [ 5 ^M)21 � r ��BC¶ � QM�

¯ +��v·#"j�F¥�7OQ6�6B�f;3����&92-3/ Q P0�F�§� x8ª
@CB,1�2���¯&9�2?:#�O�§� x;ª H � � Q?<

7. 465 F87
9;:3< x���B�� �ZYe�E`ba&¥�7OQAS6TO�4b j�k4l�m�no 9epFq r ���cY�3;*�+�-�.�/ 3�1�2�± * )?} q r>= P
QA< *�+ -�1#2�¸�¹#)�� � r?) b§78Q���¯#)���P;�,B,@A 7�B:9&ª�¥ 100mm 3��� z9�S?T~3CB�� 1024pixel x�`�a
Y�Qd��h�B�a�3�L�N�¶��T� & @�� 0.4mm D�¨ � H P�< � �r BFE�XC?Fp8)HG A ��P���¯�� H�� Q?<
?-@F)d¶;I��&9|`]aO:8P'@AB§���ZY�� SAT;3 x µz)d¶
Y r*J R H P�©y�>K O �c-´B?a�36À H ��h�)?��� YF�MS
T83 x µO� ���~x0��P8�Mq&� S � xML/�ON l o3P 9.QSR
Y r ª�Q�3?xd° °OH 8�9�ª~R�P��0����x~ª H q?<�aF�Mx?B
a 3dÀ H �]hn��1�2F¥�7OQ�*�+�-���X�t�u�UvVA3WX Z��
b x µ�)�¶0:8P����ZY�3UT ¨&9:ª;R�B�¦�¨ 9 � * 92V&�
:zP8���Mx_° °zH *e+(-e.F/�9�1&2�:#P8�8���_�n��)H P�< W X
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