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ABSTRACT

ADAPTIVE EXPOSURE FOR DYNAMIC LIGHT VARIATIONS IN AGRICULTURAL
APPLICATIONS

by
Garcia Ruiz, Francisco
frangr83@gmail.com

July 2008

Autonomous vehicles that can carry out the different agricultural operations during
the season is one of the aims in modern precision agriculture. Safety and reliability
should be considered as important points to pay attention to. Stereo vision is being
introduced in the perception systems for autonomous vehicles in the last years. When
working in outdoor applications sun light changes and the perception system should
be aware of this situation and correct the light parameters to get always the best
interpretation of the scene possible. The development of an algorithm capable to
propose a new exposure parameter for the camera setting depending on the light
variation was the objective of this research. Static tests using a stereo camera were
carried out in an orchard to detect the changes in the 2D image histogram properties
and the 3D reconstruction depending on the exposure variation. The algorithm created
worked properly in different orchard and light conditions.

Key words: Autonomous vehicle, exposure, light variation, perception system,
precision agriculture, stereo vision.


frangr83@gmail.com




AKNOWLEDGEMENTS

| would like to thank my supervisor, Dvoralai Wulfsohn, not only for being an
important factor to success in this project but also for doing my stance in Copenhagen
more comfortable. Thanks also all the members of the Safe+Reliable project for
making me feeling as one researcher more in the group.

| would specially like to thanks Jesper Resting-Jeppesen for being always available for
all my petitions during the tests.

Thanks to Kristian Kirk from Agrocom Vision for his help, and Morten Larsen for
introducing and teaching me in Image Analysis and processing.

My family also should have an special mention for supporting me in this difficult task

that is the study.






TABLE OF CONTENTS

1. INTRODUCTION ......coiiiiitiiiie ettt sttt et e ne e as 1
2. OBJECTIVES ...ttt e s s 3
3. LITERATURE REVIEW ..........ooiiiiiiiiiiiieee ettt et 4
3.1. Autonomous vehicles in agriCulture ........ccccceeecveeeeeciee e, 4
3.2. Sensors and automatic OperationsS.......ccccveeeeeeeeeeieeeeeeeeevieeeeeeeeeeeeeenn. 5
3.3, STEreO0 VISION ettt 6
3.4. Outdoor imaging and adaptive eXpoSUre ......cccecueeeevieeeescieeeneeenne 10

. IMETHODS ...ttt st e 12
g O o TU T T 01T oL AW LY =Y o P 12
4.1.1. Camera and software system .......cccccvveveiiiiicieee e, 12

4.1.2. Mounting and cONNECLIONS......c.evvirciieeeriiiee e 12

4.1.3. SMall ViSion SYSTEM ...cccciiiiciirieeee e 13
4.1.3.1. Functions and possibilities.......cccccceevviveieriiciccicciinnenn. 16

4.1.3.2. Video Parameters .....ccccoecveeeeiieeeiniiees e essneeeesieeeeseens 16

A4.1.4. MAtLab ..coeeeeeeeeeeeee e 17

4.2. Experimental work protocol.......cccoeecivieeiiieciieeee e 17
4.2.1. Image acquiSition ProCess .......cceeeeereiuuuuinieiereee e 17

4.2.2. Data analysiS....ccooveereeiiiiiiriiee e e 20
4.2.2.1. Histogram analysiS........ccecevveereeeeeiiineeeireeee e eeerreeeee e 20

4.2.2.1.1. RGB image to gray scale .....cccccevvecvrveeeeeeeccinns 20

4.2.2.1.2. Adaptive image Cropping....ccccceeeeeccrrereeeeeeeccvennnns 20

4.2.2.1.3. Statistical analysiS......ccccevveereeeeriiirieeeeeeeee e, 22

4.2.2.1.4. 3D view evaluation ........ccceceeriieiniinniieiceieee, 22

5. RESULTS AND DISCUSSION .........ooiiiiiiiiiiienie et 24
5.1, 1ris calibration ......c.c.oooeeiieiiinee e 25
5.2. Cutting line programi........cccceeeeie e e e 28
5.3. Exposure variation and algorithm development..........cccccvverrnnen. 30
5.4. Procedure and program diagram .......cccceeeeeerreeeeeeeeiciiiesinneeneeeeennnns 41
5.5. Improvements and future Work ........ccccecveeeiiiieeiiciiciee e 42

6. CONCLUSIONS .......ooiiiiiiiiiiiiiiric e 44



REFERENCES.............ccccuuueeen.
APPENDIX A: Calibration file
APPENDIX B: Programs ........



LISTO

F FIGURES

1. Graphic definition of disparity.......cccccevvieeiriiiiiin e, 8

2. CONNECLIONS .ottt e 13

3. SVS software interface......cocccevieiiiiiiiiii e 14

4. SVS PrOCESS ..ttt ittt et st e e e et et e e e e eeeeeerarerereeeeeeeeeeeeeens 15

5. VIidE€O PAramMEeLersS cuuuveiiieieieeeeeee e 17

oI S =T Lo I T g - =T SRR 18

7. Expected plot of maximum values ........ccccceeevviieiiviiiee e 21

8. Difference in the histogram plot for different exposure values ....... 24

9. Values and messages when the program detects no similarity between images
(DETWEEN IENSES).uvveiiiiiiiiiiiiiiei ettt e e e eeans 26

10. Values and messages when the program detects similarity between images
(DETWEEN IENSES)..vveeiiiiicciiieeiee ettt eerrre e e e eeerre e rreeeeeeeans 27

11. Confirmation that the algorithm works in other orchards.............. 27

12. Plot of maximum intensity values in each row of the image .......... 28

13. Difference between cropping line in different images ................... 29

14. Plot of maximum intensity values in each row of the image with presence of a
bright obstacle in the middle of the tree rows........cccccvveeveeennnnee. 30

15. Plot showing trajectory of the modes and number of pixels in bin 255 versus
the eXPOoSUre VAlUE .......eeeieeieeiiieeee e e e 31

16. Plots of 3D reconstruction quality grades .......cccccveeeeciieeviiiieen e, 32

17. Mode values versus relative exposure values........cccccoeecvveeeeeeennnee. 33

18. Percentage of pixels in bin 255, and its approximation with a 6" degree
POIYNOMIAI NG eeeeiiieeeee e e 34

19. Real sequence where a cloud changes the light conditions and the program
adapts the exposure value to the new conditions .........cccccvveeeeenn. 37

20. Testing the “find exposure” program in cherry orchard ................. 38

21. Adaptive exposure based on intensity mean method .................... 39

22. Proposed flow diagram for real time exposure value calculation .. 41



LIST OF TABLES

1. Table of grades for classifying the 3D reconstructed scenes



Adaptive sxeosoareaméra for dvnamic liaght variation

1.1 NTRODUCTI ON:

l commeagiralkul ture, the net benef it earned
process depends to some degree on the pl
applications that are carried out. Knowl e
contiaonm i ts iwar iianpotreamayntto achi eve an adegq
Several technologies have been explored du
soi l acnodn dcirtoipo n si nivno $rpeaanligatli meampl i ng met hod
ultrasonic sensors((Sa@bz aetiSaAlIDanien2 0gedssS ,e te tacl
Wul fsohn &t nal et;GAUO0GGEt2&07, 2007) .

| n méierese@mnr @jiehcet ,ef f or te arse nfgosusedo | mag
I mage dmrmayglowsith e. g. | asers ort ootihdeerntdifsyt atr

and other relevahbrobpeceptionosygbheth of

Using two 2D i mages taken of the same scen
positionlsyi lohea cabd model of the scene. Thi
2D i mage sensors. ahldlersd earew s<awmemrals advant

cameraasht eEemarmpabe representoadldaadse & edD opq ierc
i n the marcdinmerits iemdrenti fi ed and Tbeated (
object st heeant rkeér yHttesms,h e s, orl octalnerdt hoeb j terc e e
canopy. recogmadtweagnwi t h | coatl idn gnakfe @hjteantas
safe machi mer ypomesvdmhe thasugel|l t has obeh aurs
mapping for preci.Buonhémmami @abpapacpesestics
percentage, crop ecgemnshbat erdeens . 9f cabh densi
ot her ma t h esrta#tgie wsatla tcrai ¢ (sxpres®oglhesail gns
i ntroduce biases (sometimes significant)

redtoe somet Megpreebl em ecfatwae elsu ifo ndyeefr efst
|l eaves andknmbmwamghaeashaect eri starced, oift tihe pos
adj ust application of i npaunt si mpoo rtthaen tr eaamo

PPP’' s, fertilizers or water.

One of the mostoimpocetastiatieap Stbo rlexwer st ha

2D iemagpossi bl e. [tto icso n hiololl upmb ihmit wloehd o o r
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appl i cdatti omes ,can wbdjeamer @ xtemnti ngesssioblget
guality in the 2D i mageBvamrpeodiveagrtitaironigeut
par ametcer smmagyimee nou g h dueotnt opuathse variation
condigvemsosiunngayx !l earg. drivingtihe botlk d
roswn a pesticlidet laimp |law ogeokriidt thet idgohrt ocnondi t i
checkingthbhaspdewinous 2D image quality is g

and gain values before taking the new i mag
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2.0BJECTI VES

The objective | mcyghadseeqrueasear2ch iissagtew®o fr o
camer ae dttoh e requiremeat i @loiBtPghracvhisregdn e
reconstTfhuicg iiom. a compul sory esxtempacitn tohred em
i nf or matisoutl ec3fD tphoe nTta € & o lmdti mi so pbsj peecctii fviec
obj eatrievegni ng t o be:

Anal yze how dot daken @Df fi eragret outdoor I

change with camera settings.

Devel op an algorithm for adaptive expos

Evaluate the algorithmomperdfoor mderadaocnd a
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3.LI TERATERE REVI

3.Aul.t onomous vehurcd:es in agricult
Agricul tural operations vary considerably
gr owt hofsttalgee cr op. Someowlfdtheseomperape din

the seasonandmpentgi thioounr so f the t éadsaks goanana
produce safety iIissues and decrease operati
fatigue providing a reduction in operatol
efficiency in thelo®m®er.ati on (Zhang et al

Automatic guidanceéeitiwmaedi as caf atldiecnw elbgji € lhee d
path automatically depending onotlhe aperatt

recognize the actual position of the wveh
objective, and stgedrhet lse gnahi clre aft @ldl d Eihra r
as the position, the gui daneeataysbaeamohash

Theswo tteagresaherrdebsead“past &rasmmayama and Har't
1989

Precision agricuwml tcwuriencande awnt omaantyi oo f t he

although they use them in different ways.
signal, wtanopreyisdemrel ative | ocation of
i nformati on. Togeltthemre @omecagt omataigon ¢ mak e

accucraae management according,2t0® Irtolpei dceodn d i
the data collected can be coopnevrearttieodn ailn taon c
management decisions (Fountas et al., 2006
I n a Mecesnte¢ar ch HAK®Of actor a was successful
softward MeyseemsedNi ahseReTR@66)s0ft ware re
existing navi gaautoomsasty dscteenm alby e an o execut
mi ssi onpst dmiwas i nt-GRY adredl |Ibyc aln RAKmet ry
a very accurate absolute bounded position
unbounded continudhe wvebwestegsposi tdieomr mi I
behaviaomdorlheeasctn ve component s. |l ntegrate se

giving reatboiveebehatbuodamedt atk requiremen
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and epaefreatTiloensaut horus i wlgtorpaosseni ¢ seeslor s 3
rangef i nddeerr st oi ngeotr an aobstatkesal@ts,t b&d t h
explained in next paragraphs it i's proved
object ,dedardttilbpen combination with tae prop
an alterm&tiwe to wo

Zhang (dt9980). demonstr at eds etnhseo rc agpuaibd a nictey so
performing satisfactory agricultural tract
pat hs. The fusi on foofrh e ena ®fgreo ne i NMpdes nvsi aslt.ueadl

The tests wer e CCDr rciaghdOrGaystyasutseirm g( Fai ber opt
and a real (RITWeGPKSI.nemati cs

The guidance systiyghna wddoe so mjod c tniewwee ssfarr ecog
in the desiresthpatbhdbflbew tmhkecorrect way.
safetythe vehicl e, p,eo@lhjee catn dd eetnevci trioonnme s ¥
i mpl emented in the veshtiactliec toor dneotbeiclte uonbesxtp
common sensors used teo ldaesteercts esnuscohr so, b sstoancal
Vision. However, as mentioned before, the

are innumeMabl et RdVvi,r 200

3.8ensorasy mandipcer ati ons:

Laserfradgss wel | aps smenticcméssewistbhr seit €r e 0

have became one of t he mo st used sensor s

vehievers tthheewglhhawn e ati ons i n ounted ono i &¢ mwinr ¢
the fact t hat the | aser r anogree ftitmmadrerener e
(Rov-Ma s et al . ,Sanr@o06et al . (2005) used

characterization, where 2D wvertical infor

buil ding a 3D point c¢cloud mode,| JVirmewy arhde a

citrus plantation. In the same way, i mplen
both vertical and horizont al pl anes, objec
It i s necessary to distinguish between mac
the mi smnddegstrielfee ofsicromtventi onal monocul a

secontloosteer 8bpevesionsion refers to the al
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on the 3D structure and distance of a ScC¢
di fferent opaindt & e fhfei ypcrd Mx8q )p.alT advant age o0
conventional monocular vision is the possi
( RowMiarsa et al ., 2007) . Conventional mo nocL
aboutyedabs agoer elutvi si on became popul ar a
compact bi nadceuclaamme caavnaeirlaasb | e

Vision systems seem to be excell ent cand
purp@®@sesof the mdaiem mampeb Ingmg didrhani g ase gn eicse s
to know the vehicle’ s global coordinate p
mappelRoWMarsa et alln , a200V)ew paper Bl ackmor

di fferent uses of ma c hOmee ovfi sti ben rresxtronroddese di

t hecieased | eaf arer ddaosamd i chenthief weteldegm as
the crowpsalalrye planted I nActoiwse (Prape sea@c o
used in the second proposed method, where
theilri lneut( Seaggard and Hei sel, 2002) . The f
map that can be interpreted as a ftrroemt men
continuous set of frames (3D scenes), W

reconstructiomnédRoviMaea wBOMEome processes

required before mapping,; camera coscredinat e
of i mages have athes flog mmdti ome d.f Tcoordinates
ground systesn eips ttpheackcjomats wel | as camer

respect the Raorouhd tparRav-Mdasmappi amtsdan( 2007)
al gorfiomlamer a coordinate and angle transfoc
coordinates, the heighte measihreed eants tfhreo no pt

the camera i.nclination angl e

3.8tereo vision:

Stereoscopic vision is becoming one of th
and recognition and many research groups
agriculitalriede vmah n benef it of stereoscopi

monocul ar vision is the capability of det
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the camer a. Monocul ar cameras create plana
t he -dtiwroenspgroma&lict i o8D owo rtl hde Stereovision
coordinate, or range, that completes the f

frame -MKReVi,rad2.0T0h6e) knowl edge of this thir
together withdi mageeasahygsi shancreation of
be interpreted point by point as an infol
(X,Y, 2Z) and RGB pi xRov-Maal ueet aarler erae fidedrOebnac) e
algorithm based dodn diemesid3ID garomdge patnodd & est i
vehicle. By me a(ndse nosfi td/e nosfi tpyo imapssniex pa& c¢ e d
objects can be found out of the 3D point ¢
gui dance system ipmtbor derachongathnet henal

correkha ompplication could not be done in

of size of i nformation that supposes the m
Stereo visisenbiseselknioqeutes y er & d a ¢pet ondtaewess tt h at
i mages of the same object are taken from
triangul ation, theapodbiet igsnginbave dpr olbbl] ems
mu st be solved with sterebemishon,hef ilrestt
correspwhmidesh tiotem i fcdhree s agradeaniceer)s ond pr
t hat stereo vision must solve i®neecanstr
di stinguish also the two diff eer entd cfooorr dti h
camera, and it should be addeod rtehleatgel oobbg le
the tThet 6ol |l owi ng ilfhage eaexdr dotrendil Asom Ki
(2006) .
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Image L

Lens center - T
Optical axis
Global point

X0 ye 2

FiguGeaphic definition of disparity. The ¢

|l eft | ens, b ice thhet weesreltime dantsnean of (it

di stance from the aachaxe thethhéfdbbjeates x

i mage and the posit,ipyni mfbathle ismange sp,0iznedn

2006) .

I n terms of taendt héeéet ecae¢i bt wf an objec
(Left and Right), the distance from this ¢
(Z)cabe estimated using txhandfaexe emageti @n x

di stances:

b-
dt oty =t —xf = 2T (1

whedies dedcas bt he dispa(dt yfefencetbetwee m
an object in the two projectsonsp, df st ante
the camera atnad ¢ he ®ibji & mipfAst tme npii oeled, know
di spar pt ace an ob| gext, Yyrozanp eet dtome a@amdrod | c
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\c:\‘ z,=P ‘\L.’ -

f d(x;,y;)

yE
\V, =P—————
T T d(xt, v (R
i f
c d(xt.v}h)
whePebhi/sr an intrinsic parameter of the c¢am¢

Ot hert hahoaonr di nat e acsdrevye rbseifoor ei si nt egr ati ng
autonomous vehiclne,edtshe o3Mleclfoaud eurseedd t 0o r

poi nt s-Ma®b 2&80®H , proposed as aspects to tal

produce noise in the 1|1 mages: Stereo mism
i mages, correctabl e dadapttion gt hesarcths dpgpactshlea n
di scardi waleesrenmeakly defined texture is

produced by wuniform and s tcaotnisci dsetrreudotladsreans |,

I n outdoor agricultumalildpmmi n@aat iomnsaff @l
reconstruction, because the 3D i magelhreel i e
sufficient control i's needed to “recogni z

'l umi nation conditions ssiedns dion cbee sah apdroowbs
background can affect cboheRiansalolry ,d-asbhoevnec ta I
applications, the massive 3D cloud size b
fasMeny al goerl inghmequencéo®caof omageapahi sg
of | magepmo inmedasn totinofrieevd ous s@lastokyi madedi ss
2003, chapgecoul 8otth@ossi bl est Bat utcioonmsi st s
representation tdareuderagmeasi ftysg af precenn tnsa tweiht h

char actbhearsiedt iocns ¢ amp luisreg otfechni quesoft o red

points 1in thePe3dD.Dodoniul ¢ |[Omedpda r ¢ me n t of Ag
Sciences, Univer.sity of Copenhagen

Stereo imaging in orchards:

Manyobot pickers i n devel opment (Vision
Cal i forwww. viUSSiAQ n ) o bastlel crea cloiithme vi si on to
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shape and | ocati ons emfditnige cap arpoobooktb t bef pr e d
(Bl ackmore et al ., 2007) .
Sereo vision is being used in fruit det e

navigation trough ean(abl0c2h)a r dd e noanksathraastheid t
using stereo viesifomuistystiemsanmn ool olcar d. The
two CCD color video camer as, 768x494 pixe
met hods to discr i mitnhaeg et wo ufiitrss tf rneent htohdes tor
values of a narr dwesaearmdhriad g croamhgaet ifd nsdh il e G f
of the common area. The expereir meretf felcd we d
di scriminate distances, but comparison of
hal f sides was not afllwaersc e fdfech dhcelegrrdaiien d
of fruit discrimination was about 90% or
ananfyom 65% to 70% i n i(nmawe st ad eanwsdel wns it thh er)
i mages eafr egal (adpwed e 58 ©0 mptoroas t wi tThef elrirag )
di stance measur enmenta werse aanbcoeu tr.atn5g% of 1. 7
Regardingair medausxihemg stereo vision to obta
an autonomous vehicle in oars aiboWwaadd Bt %h
within a dicamwbenofheOwimdt h of an object
(regardless of the object’'s shape), and wh
in the object differ fromieth@dd®29f The ss gt

exposed the necessity to Iimprove the cal cl
and the speed of i mage processing.
3.Qutdoor i adhagpitnigveanedx posur e:

Picture an orchard where an aemobasmedsohr :

stereo camera is doing a certain operatior
camera is set for this light pastahhetsurs, .
changing completely the | ighatcondi thaondge
of the most common problems in outdoor i me

with the capahbcialmetrya tiomapgaer acteeptedutrdee dy na mi
l i ght changes.
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The i mages we take or pedscetiovet hhen roeufrl edcatiéel
the objects. This reflectedntidbhht dependts
and reflected to the |l ens, and the reflect
One of the main problalmst yafifecthegi mpeope
' i ght . There i s not a correct definition
be, and even | ess in agricultural applicat
exposure value as threeoromacthdthee molsites mpo
with a | evel of gray, or brightness, mor e

al2200Bhis i mportanteatégi omstthepagdi gul tur al

carrying on (i .e.thien odbh ®etcd sl ewvorud do drei taitam
our i mportant region, then the sky is not
Messina et al .n (20P@3urpag oporsreactai on met ho
exposure | eveal madacdedbiesmyp dinekeed f uncti on, af
i denti fi catEiveem (tih.oeu.ghs ktihn)s. met hod is in
could be adapted for outdoor applications.
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4 METHODS
4 . BQui pment wused

4. 1Cdmera and software system

The model of the STtBECSEARC adeenmé wcske&¥d BPERE
DESI(GM Nl ocCAPRarlkS§A), with variable baseline
of 640H by 480V pixels, and cianpatguerseen nbe& ol o
set3.to5, 7.5, 15 od.30her aymesds emen sseqgqaonmn pp
shutter, which means that al | the pixels
controlled by VI DERE DESI GN’s Smal |l Vision
i's suitable for envirbhmeamesr aviit$i d @isn g mtoc
t haunhomousactor under devel opment at t he
Sci enfeaecul ty of Life Scienamesc,olUrmibwearadiitoyn

Danish Technihgalp: UhblWvdrsaspgbgi . kvl )Jdke/ agr ot

used a baseekeienpe nggf a30short baseline shoul d
vi bration and molvherge oifs tehxep ewcetheidclae .| ower
working in short baselines SGHCHMANRCbasel

user's mamwut@ap ; / 2WOB., vi deredesign. tAImMgwi si o

most of thhe Isitteereadt wraemeu adddh s @l iargedsocud @ mr e

cmlfdkaldas2miOkll se and RbaMgeat 28R6B06

4. IM®unting and connections:

The connectdieormeaometr a i Bedone pootughnthlee Fli g
anabdes I6pEEN MEAA4eThose are thBEBRetB8O6d hobt
power port., where power i s -lappapdgn reaic sbiyo na

done by a | EEE 1394 @aml-giowhSTchhC &R/ er t s f
userarmsuan , 2005) . The figure bel ow shows

experi mer® s (fig
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STEREOCAMERA
IEEE 1394 Cables

IEEE 1394 hub
with power port

BATTERY 12 V.

FigCennextdmd power supplgr ustedi dag e iha dsq
the field.

4. 1SBall Vision System (SVS)

Smal | Vi iSMEB)osny sMiedese t hbesis@ri t ware that co
and processegisvitmep ernmagtehse di spatttyoosi 8Ds
clear interface from where the wuser can d
right oremseernati vely the Idéefstpairiimiryetihndag e
3D point cl ou.dr &m 0oS'W & hientsecrefnaece it i s al so

parameuebBsf il t ecrhsaroarc (flieqpaByset i c s
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T SRIS

VS Stereo System

File Dewice Wideo.. Video Buffer. .

i gy ¥ . =% ™ 1 Tt
Wl - Wrh it N

Rate: 42.4 Left | Color |Fi|eread: ChDocuments and SettingsFranEscritorio/F1 | Right | Color alalulalali Gamms

Inpt: | File ﬂ | Continuous : Function: |Steren Cnnf:ﬂ a0 ﬂ Disparﬂy:ﬂ 32 ﬂ

Size |320:240 ¥ [Freeze | Display | wx | unigue 4 0 ¥ window (] 11 3]

Frams: |1 ¥ Rater |30 v Swyap Warp Speckle:ﬂ 0 ﬂ }{off:ﬂ a ﬂ

Stream ﬂﬂ u] ﬂ!l Colar Capable| | Best | Multi Scale | Proc Capable

Fi g88¥S software interface showing the | ef

Bright colors in the disparity image mean

di stances.
The gener al pr oaessed dfao tShvédpalt go rdii tstprar i ty |
of Sstereo i mages udeng 280e0s7a g)elp(rfriegluartel on i

Rectification: Lens distortion removVve(
I i nes.

Feature =extraction: Compute the Lapl ac
produce the disparity i mage.

Correlation: c onmaptuct ped hdgi tssp aorn ttihees tbwo | me
Filteiriimngring bgnltyghmbgRt y i mdateclses r emai
3D reconstruction: Conwvienr tc adniesrppard d a redsi

(origin.at |l eft | ens)
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f

Fi g#aae Original i mage. b, Recti fied. c, Fe
reconstruction. (Source: SVS stereo
Www. ai .sri.com/ ~komdolmi ge/ svs/ technica

The SVS outoput data can be a color or gr a

(sequence of frames), a textwdlheasvopthi @ams
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