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Prototype of LIDAR System in Akeno
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DATA 10423 ,RUN #3 ,alpha 0.28

0
5

10

H
ei

gh
t f

ro
m

 L
A

S
E

R
   

[k
m

]

0

0.
1

0.
2

0.
3

α     [1/km]

0 5 10
0

0.1

0.2

0.3

å æ 3ùç òJó�& ì ý�����5/6��+7)�0·�¸��/�+8 Ñ�Ò�9 Ó�Ô�Õ ï �;:��0·�¸���¸;�

­=<



> ? @ A B C ? D E

�GFIHKJLJiýNM/O�P�Q�R*S�T)U�ü�VXW�Y[Z�� \$ý�]
� ^�_:ý+5/6�ý�`
acbed�fhgji�k��;1+l
m ��V
n�Ppo�qr�cs/t�u��+v)wyx�u{z;|�b~}r���/V�����������ý*u��+v)wyx�u{z;|;����5/6
���cb��*��|��/x����[�����/�/��ge8��'ü�P{Q�R�wyx���x ��� P{Q/�	��M ����� by�/��g
i�k��+��U*��P��+x ��� P{Q;�����y��� � b~¡r¢����:ã�P{Q�R£o�qr�+5/6��/���)b~¤�R¥8�¦
§ UAü*�	��M ���*¨ ý � by�/��gji�k��+��©pª�<�P«5/6��/���:ý��.ã ¬�­)UAü*�	��M ���
¨ ý � b~®�¯+��©����°
�� ª4±�� �G²«P�â��	³�´��¶µ�· ª¹¸ ��P�º¼»�½G¾�¿Àb~Á)�/V�Â�ÃJý�Ä
Å b~®�gji�k��+�
��ýru��+v)wyx�u*Æ;|�P{Q�ReÇ
È)UAü�V°ºÊÉÌËÍ»Î¿�ý[�*x��;1Ï�ÑÐ£FÒHKJÓJ)ýNM/O�b~Ô�k�Õ �

Ö�× Ø{b~S
T�gjV;�[��ý�dÙ^�_:ý+�*x��yÚ
Û�ã�ÜrÝÞQ�ß+Pj8;à�Máb*wâx��Xx �
� ý[�
ãeã
T�ge8��åäÎ¸æ±ç<¢ý�Â�Ã.ã 8�¦ §�è ã�Ü�Ýe
��;ý«Ø���ä�1*�;i�k��	Â�ÃJýêé ë�R;by�/��g�V;�
©¶ªíì�P�� � ã�� � b~¡�î)Ujï�V[ð�ñ«^�_�ñòØdã S�T)U�ó�VêØÏb~®�¯Þô
� �Àõ/ö*÷ k;ã
÷ à�M���ø+x�ù � ñ�ú�û õ�ö*÷ýüjþ�ÿ V
nêS�T)U�ó ÿ Ø*ñ��[ó õ/ö*÷)üjþ�ÿ/õ�� �[ó��
�rñ�Â�Ã��
	���U�ó�V ö�
 �/���)b�� ü d�f�� ÷ i�k ÿ �:ã õ ä�� ÿ ô
�Þñ�u�ø;v)wyx�u*Æ;|���� ��ö�
 �/���*P
��¯ ÿ Ð£FÒHKJÓJ ñNM/O����âÇ!Ý ÿ�������� b~l

m V;ô�© ª�����ºÊ» ½G¾�¿cñ�µ�·cb�ª¹¸ �.ã�g � ¦ §�è ���"! ¸$#G²%à�M�%;��ñ�W�Y�Z.ã'&�(
) b+* ö�
 �/����,�PÞ�/��g � S�T)U�ó�V
-.ã�ñ��[ó b~®�gji�k ÿ ô�.�/
0�1�2 þ -��[â
ÿ�� � � ä*é4¸4345;� � � äýª76�é8385 ñ�ð9&�( ) �
: ¸ ±���;°ñ=<����+S�T)U�ó�i?>)R@#=FIHKJLJ~ñNM
O õ�A�B�CED �GF ÿ �IH õ�B � ÿ ô��+ñ ���E��� ��Ú�Û�M/OÏb�J�K�¯ ÿ �LH�P�Q*RNMáU ü
� ÷�ÿ ô

é4ì



ALL
Rayleigh

MIE

HEIGHT from LASER  [km]

102

103

104

105

106

107

108

S
IG

N
A

L 
 P

.E
.

HEIGHT from LASER  [km]

A
LP

H
A

  [
1/

km
]

0 2 4 6 8
0

0.05

0.1

mie ex. len. 20 [km], mie scale height 1.2 [km]

0 2 4 6 8
1

10

mie ex. len. 20 [km], mie scale height 1.2 [km]

O PRQTSVU ø�WYX[Z U]\�^�_ 	]�a`
b ö�
�c�d�e ñ=f�ô�g O �ihkjml�npo83q5�rts+jml P 6un4345
ñ�ð�ñ=v�ù�w�x�ô�y�z õ ø�Z�ù � ��{ z õ X�Z�|
Z�ù � ��} z õ�~�� ô�� O �
���Y��ó ÿ
���/ù ��� ñ=���+�m`[�?� ÿ ô

n7�



INPUT
K=0.7
OUTPUT

INPUT
K=0.7
OUTPUT

INPUT
K=0.7
OUTPUT

INPUT
K=0.7
OUTPUT

HEIGHT from LASER [km]

A
LP

H
A

   
[1

/k
m

]

HEIGHT from LASER [km]

A
LP

H
A

   
[1

/k
m

]

HEIGHT from LASER [km]

A
LP

H
A

   
[1

/k
m

]

HEIGHT from LASER [km]

A
LP

H
A

   
[1

/k
m

]

0 2 4 6 8

0.05

0.1

0.15

mei ex. len. 30 [km], mei scale height 1 [km], k = 0.73

0 2 4 6 8

0.05

0.1

0.15

mei ex. len. 15 [km], mei scale height 1 [km], k = 0.67

0 2 4 6 8

0.05

0.1

0.15

mei ex. len. 30 [km], mei scale height 3 [km], k = 0.88

0 2 4 6 8

0.05

0.1

0.15

mei ex. len. 15 [km], mei scale height 3 [km], k = 0.8

O P ì S�U ø�WYX�Z U]\�^�_ 	��a`
b ö�
�c�d�e H �E��� ��ó�b
���Þù�� � ���������Y��ó
b�� ô�h j r�s j �+���Lb[� ~ ���m`��G� ÿ ô=���m`[b�h j H�s j ���[ó? 
ó�ñ O ñ�¡=¢�£
e _ �m`V�?� ÿ ô { z õ�¤ ñ¥�{ñ=-�ô
¦�z��§#¨l©oqª Q H'���m`[b�H ÷ _ �«�Y�	ó ÿ -�ô
y�z
�
¬�� ojñ­� õ�B �]®��?� ÿ HL`
b[ð _ ���Y��ó ÿ -�ô�¯Þñ�ð±°��Y��ó ÿ #+ñ=-���²´³µ²´¶µ·
_ ��`��?� ÿ ô�¸��a� X�Z�|=Z�ù���ñL¹�º�»L¼m`[�I� ÿ b�½ s j õ�ö*÷ýü	þ�ÿ H � �[ó
õ/ö*÷ýüjþ�ÿ/õ �[ó��G��º?�¾� üÀ¿�Á º ÷ �?� ÿ ô

!7o



INPUT

K=0.7

OUTPUT

INPUT

K=0.7

OUTPUT

INPUT

K=0.7

OUTPUT

INPUT

K=0.7

OUTPUT

K=0.7

OUTPUT

K=0.7

OUTPUT

EXTICTION LENGTH  [km]

∆
 A

T
T

E
N

U
A

T
IO

N
 L

E
N

G
T

H
 [%

]

SCAL HEIGHT  [km]

∆
 A

T
T

E
N

U
A

T
IO

N
 L

E
N

G
T

H
 [%

]

EXTICTION LENGTH  [km]

T
R

A
N

C
 M

IT
T

A
N

C
E

  [
%

]

EXTICTION LENGTH  [km]

A
T

T
E

N
U

A
T

IO
N

 L
E

N
G

T
H

  [
km

]

SCAL HEIGHT  [km]

T
R

A
N

C
 M

IT
T

A
N

C
E

  [
%

]

SCAL HEIGHT  [km]

A
T

T
E

N
U

A
T

IO
N

 L
E

N
G

T
H

  [
km

]

0 10 20 30 40
0

5

10

15

20

MIE SCAL HEIGHT 1.2 [km]

0 10 20 30 40
0

5

10

15

20

MIE SCAL HEIGHT 1.2 [km]

0 1 2 3 4
0

5

10

15

20

MIE EXTICTION LENGTH 20 [km]

0 1 2 3 4
0

5

10

15

20

MIE EXTICTION LENGTH 20 [km]

0 10 20 30 40

−5

0

5

MIE SCAL HEIGHT 1.2 [km]

0 1 2 3 4

−5

0

5

MIE EXTICTION LENGTH 20 [km]

O PÃÂÄSÆÅ�Ç P o'È�º9É7o'Ê4Ë"¸��Y�+���m`[b�Ì=ÍEÎ=�«�Y�ÐÏ]Ñ�Ò�Ó�Ô�Õ�È�Î
Ö�×�Ø�Ù�Î O�Ú
s j l PpÛ n4Ü4Ý ÌL`�ÞLh j �+���LbßÌ=Í�Ø�à�Î O?Ú h j l�npo8ÜqÝ Ì�`�ÞLs j �+���Ib�Ì=Í�Ø
{ z�á ¤ Î=âLØ�¦�áãÊ¨l©oÄª Q Ì'���ä`
b�Ì=Í[Þ�y�á�¬«Èåo[Îæ�Gá�ç�è�®=���GÑ�Ì=Í=Ø
é O�Ú
Ô�ê�ëEÞ�ì OGÚ
íEî Î�ïEx�ðEÞ�� OGÚ �«�@�ÐÏ�b
ï«ñEð�Î
Ö«×��ò�ä`����GÑÐØ�h j l�npo8ÜqÝ�r
s j l PpÛ n4ÜTÝóÎ�ô9õ oÄªuö�÷±Î=ø�È�º�����º?Í«�?�GÑ�Ø

É P



ù ú=û�ü ü ý$þ ÿ ý ��� � û�� û�þ��
	 ý �
�
��� Õ���� _�� Ñ�Õ���������º�Þ�Ò�Ó c�� ¡�Z
�����
���m`
b�Ø�¯�Î���� Ú Þ���� �

!�Î��#"��+����º?ÍGÑ%$'&)(+*-,@º�Þ�.�Ò�/10 e#2 Z«á Q Ë43=Î¥X�Z�5]Z�Ì�687 P:9<; Ë­Î�=
>�?�@��BA�Cm`��?�GÑ�Ø
¯�Î������ED��
ÞGÕF�E���G��H�I�Î�Ò�Ó�Ô�Õ
È��ò���ä`�b�Ø
�E� _�Ú Ê4¶µ·Ã² ²©Î�� J¥�BD ®

b�Ø K�LNMPORQTSVU ÛXW�Y[Z�\B]�^`_ Þ#a:b'Ê4Ëdc�é�Î�e�Ègf � Ñ�Ò�Ó�Î YN\#h8igj
i
k�l ènmpo
qsrÐÏ]Ñ�âutFv�w _ Þ�v�x \Ey�í�z "�Î�{ ^ ègm}|�~�Ñ1�IÌ�f1��� Þ�����t Ys\B��^u� Ñ
z J \ ��� _
� Ø ��{�Î�����Þ���Ó�á ���«ô�Þ���� z " aVb'Ê4Ë ��tGÎ�Ò�Ó?Ô�Õ�È \ b���a ÷
c��IÎ�����ø�Èut�� ^�� Ñ1�IÌ�á�t?Í � Ø
r#m
f
Þu��Î
��� z Juf���Ñ�����Ö«× \E��� Ñ � ~����#�N ¢¡
£ h}i  ¢¤F¥ \E¦ ��§ � Ø

¨�©uª«�
¬G­�Î�Ò�Ó Ú ¡ i®k�l ÎG¯ ° i�±�²�³`´�µ·¶ á¸a¹�»º�Ê4Ë¼t y�í�z "�Î�ï�ñ«ð¾½ ¶
Ú º¿b'Ê4Ë�t � Ñ�Øg��Î�ô  �¡�£ h8i  #¤�¥�ènmpÀ`m Ï � �Á� z Jgf���Ñ�ï�ñ�ð�Î�����Ö
× Ú b���ö8÷ Ì4Â�ç��=ø�Èut � § � Ø
��Î���{�t�.gÃ�Ò]Í��%����Ö�×äÌ
�?Ñ«Î ÚÅÄ o�Æ�ÇäÌ _®È aVb�Ê8Ëdc�é�É zs\#h8igj
i

k�l Î�Ê«tËv�w _®È �?Ñ�Ìut � Ñ�Ø ÍNÎ#f ¡ i�k�l Î�Ï�Ð�á�Ñ�ÒutIÍGÑ�Ì��ÁÓ«��t { ^
� Ñ � ~¢f ÚÕÔ �nÖ«Ì�Ã�º¹b'Ê4Ëdc�é�Î�e�È�á�×�Øut � Ó1Ù'Øg��Î � ~ ���
687�Î�Ò]Í«�
@�Ú1Û�È�Î�eg�`$Ü*ÞÝàßâáäã�×1ØutÁå�æ�ç è�éËê�ë�ìNÚ íâî�ïäé�ð�ñ�ò�ënó�rFô#æ
õÜöÞÝàßâá
é�Û ñ ÷ ��� ^�ø f
ùú�Fô#æ«Ã�é¢û �Ëé����ut1û
����ü�ý \8þ �Ë�¢��ç _®ÿn_ ò����1c
� f�� � æ���{ut í î�ïsé�����	uã�
�����t
���srFô È �Áæ ÿ
���u� æ�×�ØuãÁå1æ�çg� �
�ËéË���ut�û ��é���� k�l f��«æ�Ï�Ð \ Ñ�Ò _®È �1æ�ç ��{���ñ \���� æ � ~¢f¢û �Fô
m ÿ m þ�� æ�����ü�ý \ |�~1æ1����ã
��� �
�1æ�ç
�«éË{ ^ ��� ÿ m ï"!$#%!'&)(+*-,.!Gö0/1/3254gé7698;:�<>= i f�Ø�|nrËô�æ���� \?��@ æËçÁÝBADC

û EF!'2HG%Û«ñI�<ègé>JLK�M«ôgf��1{;N�O1éQP zSR f
TVU � æGç�W;X�é�{ ^ �1� \ Ê�æ��
Y[Z]\ W a'^¿M Z W7_ º¹b ZL` Q«Lba Y[cedfZ�\]g M ZhgHZL` Qjilklm)n é����ut a:bpoqG¼c�r�ée678uã�{ ^ tts
æ1����f��1æFç Y buovGhws��t�{ ^u� æ � ~¢f�ûxa Y[c W Y m L c[y-Y[z]dfZ]\?g M Z{g|ZL` Q ilklm nTé�	�}
ã
~�������� òe����N7O������������h�Q���9����æ��u� ^-a[a z�d�Z]\�g M Z nâé�	�}uã�~����®�
æ�çS������J�K ��G é�èh���¡ �¢�£7¤ ^-auG�¥�é�õ'ö Ýàß á ã
~9�����b� òeaHG¦J�K�é
è�§>�
�¨��G�¥Fé õ'ö Ýàßâásã
~������1æ�ç�©Fô�ª é�«�¬h� ��­ � �«ãbª ï"!$#%!'&)(+*[,.!·ö®/)/¯2D4�é�¢7°�é
õ²±´³+ö-á�&14µ&1¶1!$G �
����� ò�©�é�·�¸9¹�º¼»�½�¾��?¢�¿�Àt»
������ôtÁ
òSÂQ������ñ�»Ã6�8
Ä�Å�ñh�Æ��Ç���æ�©��
ã�»�sÁæ�»Áå�È��<ç

a-�



É Ê Ë Ì

d �$nEõÎÍ áÏÍÑÐ�ÒÓ!$ÔÕ(+oH![Öv!$¶×2H#Ó#ÎØÙCÚ± î ö>�v� c Ö Y-y a5ÛÜ^ zvÝvÞ � y-y[yvß
d �HnàÐ¡Í�á×ÒÓ!$â$!$!ãÖ.¥BÍåä0E.#æ25ÔF2[&�Ö áÏÍ ïçÍéèàÍëêì*[#Ó#%Òí&$Ø Ýàá0±Ù/)!$,F*[/1¶ ö×îìê á õïÛ ï áðÛ Ý a5Û zqÝDz[cµÞ � yqÝ a ß
d aHn�¥.Íé³�Íéñç#Ó!$¶)¶ÏØâö0,.,.#òÍåä0,.¶)Òí($&�Öé� z Öó�¨�[��ÛÜ�[� z¨Þ � y-c � ß
d �[n�îôÍåõ�ÍéîF!$/1ÔF2H#íö�Ø ö0,.,.#÷Íëä0,.¶1Òæ($&�Öó�[a¨Öó^ Y �HÛÜ^ Y a Þ � y[c � ß
dfY n�¥-*[ø.ÔFöuÍé¥.Í»î�25¶)¶1ø.!$ùÚ&çØì,./1Ò%ú[25¶)!à(+*[G�GÆû.Ô.Òí($2H¶1Ò%*-Ô Þ � z[z � ß

a-a


