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In the fall of 2011 ten students storted with the design of o UAV for their Design 
Synthesis Exercise. Just o few months loter, theysow their self-built and designed UAV 
compete in the prestigious UAVForge chai/enge. This orticle te/Is the story of team 
ATMOS and whot mode their UAV stand out. 

The OSE o~sign 1r1ent dei(ription wo~ 
VE"l)I $l1'i'l)htfOl'W,)rd• des\oi:}n a UA.V 

<tapoble or co111pe tlng ih the UAVFotgc: 
diallenge, -=in intcu1ol.lional co1npe~itfon 

org>1nl~11d by t'h~ Amt•1ir-an drf1Tnc~ rl'~ 

search a9e11<-y DAitl>A In shon. thE 1JAI/ 
1nust r..i.ke olf 'k1tki1 lly hom Il ~törti r1g lu· 

c~tion, lly oul to 11n obiervlltio11 111N, pe1~ 

lo ttn o b-\4'rvll liQn\, 11•tutn to 1h• lal)n(h 
~te, and l;)nd venkally, AdJ IUonally, lhe 
<om pk!1c: )y~ltll'I l1ndudh1'il the ~u>unJ 
...i11tion ) ha$ to fit in 4 ~~kpillC'.k _,"d ~tm be 
nPf!rntlQn.l.I whllci filclng w>nd~orup to IS 
kn.ots. 

T11ldn9 llllthe 1equi1emenb in bteou nt, l.hc 
s.H1dtl\n beg;in W(Uk on th i$ .: xtC'n~ivl) a s• 
_µg11ment 9nd ; fter ti<n wi:-e-ks. prese.nted 
!heh ftn<1I dei.lgn. Th~ 1e"u lh wer~ p tU1n · 
l,;ln9 111nd bolh lhe p iojec t ~uper'fi'K1u 

from tht: fi'rully's, >,1, içm Al!tlfl V~l\klt! l" b 
!MAVlab) an d 1he sn1-d'-!nts wefe ve1y eri· 
!hu.Sii"1i( db Ulft !hè posslbilltic-. of tl\c'h 

dc$j.gn. lu." 1e,;ult, lhc 'lu dcnh d e<ided 
IQ c i>nl kUJ(I wltl\ !h(' p m1('rton lhflir own 
wl1h the goal o f ac1ua1Jy<om pe1in'1In 1he 
U.\Vforgc challietuje. Tbis wes tl'ie -.1.u1 ol 
1e11m ATMOS (Auun1omou$ Tr11n,itionin9 
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DESIGN 
Q 1•e ól the inllO'l''1it!VC élWC!(b Of the AT· 

MOS UAV I ~ it~ hyb1id Jlight n1odc dt'· 
$lgti.. Il <u1ri lrin1't. thè Vc•lk.tl tdli:'.e·cU'f 

" n d huvE1 1b •li t')' of o hencopt.e• With ttie­
cl(tc-niJcd iat19e' a11d c1ui~ 1J)l!"Ed of a 

lty1n9 Wlhg. fhc Vehi<:I!! (01 ATMOV~ 0$ lt 
1" (';slled b> the 1e•ml ta!t:e-. off wlth the 
lc>u1 englhfS volnted upwa1ds ""d ~ àbo 
able IU hu \ol!'r thb-way. 0 11(.è In the! a.11, ttie 

c o 1nplctc \ct\lde 1ut <11c" l'l i n.c! lY de91t-..:i. 
!0 1word,. tHlllOl"UVi'C' Wh..:trc the ATMOV 

grad uolly l'ólt ... iticin" hom tiove1 tl i9tH to 
a m u<h 1n!>1c ~tftcieflt ho 1i1Ut11a l c-1ui ~I! 

lllght. AllhéJu gh th l-. devcr C(11nbinatJOn 

h6S oUn\e(t:l\.fS <1dVi11\i~9e". lt dld le .od 00 
..ome .sedu:1.-. <-holh.•119e-. In die dt"Jogn o l 
the p 1opuhion 4Ud autopUol ~)'stc:m:s.. 

PROPULSk>H SYSTEM 

The m:ii11 i:irubfem h thal p iopelleu opti~ 
m ised feu t.ove1 fif.gh1 diffe' signilk:a111ly 
hom propdfer~ th4t are efficJcn! in c rul"e 
llighL This is. to be c:Kpec.ted .\ina holl't' J 
p1opelleon opeu1k' in {l ir with" h ee st1eom 
velocity doWo to l'c:10 while cruise ptopc+-

lt'U f:ln('.Ounte1 Ot1 at,11t.1w equlvtie1H to 
the crubc speed. Seolecting a single type 
of p1opellr1 wou kl l4t~u11 In ponr hovor 
p e1fotmi ft.Ce, po o • c rube ptifonn,;oc~ ö1 
both The solut!on w;;s to have o .septHillt 

.ki ol l) (opell~rs at1d en9i11t'j fu1 the Jif~ 

lefent Right mode". In ho\'et, the mojority 
of the lfh h. g 1;n(l<ltt d by the b ig ttn ginflS. 
inJ propfll~ns lo<ated o n ihe YElllCal st.,,~ 

b.llilc(. The VnóO el'lgiuei Oh tht' wJngtip,i 

01c: used mainly fo1 .st ... bili,ln9 ond conlrol 
ln th1s coisc. Wh"n t ho UAV 11anshinns ~o 
cruise lllgtn, the Wlng takes care ofttie Uh 
&nd the Whlglip €t19hH~'> dl011è p rOYtdt! •lt 
the th 1u sl 11ecded. The blgger hove1 en­

qin~\ .-n1 n ov; tunu·d off ~nd rh" p1opol• 
Ier bl:ides !old backw;;rds to decrea.s.e d\e 
Git d1<19. 

Ano1he1 notttworthy ~$pt:<:I Î\ t he pl.:tc'l• 
men 1 of the sn1all c ru lSE eno lnes a t thE" 
v~1y tl)1 o l the wh'itJ'>cl '> o 111t>11on ; uf 1t"d u c· 

1119 imluc.ed d1119. lnstc4d of 1.u.lng wing· 
'"i~ 1h;it <:omprit;;uo 1h~ if1Uch 1u•. rh" 
wl~Qt!p prop e llers 1otate ln the o p po.slte 
dir&th)n of 1be winglft> voHkl!'-.. Thc< ptu-~ 

pelle r ind uced voflkt!s lhe1e fore acrively 
cttncl!'I ou1 mo<;i_ of thr lndoçl"d dr.19 



 

AUTOPILOf 

ti.c 1no~ rhunc,_ lhe Art.IOV u~ can 

autopllot to controt and s-•oblllu the af"' 
u-.a!! 1ha.l h un~t.11ble l:y n11 tutc . The leom 

1Jecldttd !O uW! Pdp•rani, " pc>we11ul 
open $<JUrce autopllo1 ~)'Stem lhtil u ses 

•n 1"",11.1 t.1"".u."m"nl lh•ll (IMlll th"'I 

me;;su re.r i!e«lerat$o'ls and 1otatlons. 

çQmp;iu•\ 1 hl'~ wlth :tu- dtu,nçd •lrc.mft 
1'll!ite oiu:l co11c-tl1' 411 dcvW.tions u • ing the 

co11uof ;url,:;.ces ~nd p10pellef1, In c<1se of 
il 11~n,rtlon1ng llAV hCVIC!VC J, "(h;lU('ngc 

1i1H<!!• \Vith fJ fOC<!~,in;i the an9le.,. thót 
.J.e1e rmir1e the anltudt. The conven,lol\al 

mett.od u~ed in l!iu topiots for thest' <t1lcu­

(ötlun' h tuit• bo,~d.Y.hkh would bépcl­

fr~ 11)' wlt;iblirt fo1 11ny othPr flxl"d or ro1~1y 

•ning \'et •.1:hen !he: erti rc obér.eih rotilte" 

nlne1y t1eo1ee~ •bout 011e axls. ~he t ule• 
bili<!:d ~tu111d~ dqfln1ÜQn \VHI ~ncoun1e1 

the .w-c"Jled sinyula1ty poitH. Tt1e 1nath­

l'.'tflOt1Cal •EJJ R!Se-ntatlOI' of 1he lcx:atQ>n of 
il 1;1t19uhui1y poi:n1 j) 11r.-1biguots~, whkh 

bä,lt"lly 111ea11) 1heu.! :s 110 dlfrelcl'lt:.e btt­

tw11~n (Qrwa•d ;and baclt•"'ald'Oight. 

lho 41-n~\Vl"f lo r th~ prci~r,m 1, a 11 u;11111-ni • 

Ofl bi!i•t:d ilrll.llt dt-fl11iti0t1. In 1h1s tnt!.1hod 

all rO\ill)l'.ll'IS. of1tte vehde te main perfect­

!)' dcfined. The le111n the1efo 1e dec'idcd 

to •ew11h: .cve1y 1nodtle o l lhe .i.u tUpllöl, 

l:lll(h01n9bt9 Eu l"r .:ing.f!~ fo1 l'fU;lt.;irnioni;. 

Th1• l rme-c:onwming :as.k cet lointy liftcd 

rite papo1<i1tl pl'oject 10 a hlQhet level, 

btu above all i)rcwidfd th« PO'+Sibility to 
<-U!iti.unl it' Qc~J iweolc. dtt" ~ohwore !01 lhf:I 

ATl\IOS o rof!?CL 

,ROOUCTION 

Ju<;t ois ""Y olircrah, thi:-~tnH:tlll" h.tj" 10 bçi 

'" ll9htv1el9ht a.~ l>OSslbfe whUe "till be­

...,Q st10flU e-no1.u;1h to wlt.h$tond tlle Jllght 

lo.1d~ f:1nthrrmo~. rh_, IJA.V h;id to bo 
OóS" h:)iSIOot to"' ce11·4in dt<91ee. glven 

the e;(pevl1nel\tal nGtu•e of the pro1ect 
to the l\Tf\IOVs 1hi:S is 1e.11li;$ed by ushig.:. 

"S<H1dvtk:h typt> suuetu1t> '*'' lth $ foatn co•e 

~nd -.R1mid çomJM:"11e; '\tin. A111mld fo1 

r;",..ko.- <u <t b t.no"'" commcr•do> ll)') i ~ o 

w1y 'ouqh, llqht-weloh1 m•ter1al. and tn 
conn..,>1 to thr mom wmmonly v<.11d e;Jlt• 

bon il k l r4M$,PlHen1 !;() IAdia , ;gn4h. "" 

o;d(J!tlon;il challenQe '"il> the requoernent 
th11t the ~vhole sy~tem hlld to !11 in ~ b"c.\:­

p.ick. Thls l'l'le"•11 rhitt dtt> wlng~ hj)d 1u be 
d et,;chable (rom the •lrt:raft. AhhouQh 

'tol1uctu111\ly more complex, thi" moduh111-

hy actuaily created a \'ho•~ ranÇ1e of l?lltra 
appqrlunifi.t'>fnr tht ~\tem. f:n1 f!K;1mplo, 

""dif1eu::nt $tl or wlnop c.ould e11s:ily be in­

staUec:f ror dlffe1ent ml~s\ol' ce..1u1remen1s 
Ariothrr f'/)(<'hing optlon I~ thr pQ~sfbiJity 

of <:ombh1lng :.ev~ 1 al 1tbC1olt 0 1 pa1u ln 

to o ne flylno con1r<iPt<in. llmt1e-d onfy b)' 

youJ imt19inotion. 

The i:nli1e p roductian p rote's ol lhe p ro-

róllle 1 .\lf1liJS .J~*Jn $i!C!ll(-Glo«-. 

ATl\i10S specificatlons 

+.Vtn.gst111n 

~hl 

MolX'speed 

Crufse speed 

Max "Qvt'r <!:fldural'Kc 

Max cruise endur.mce 

M.utange 

rotype,- b dorie by the ' tude nt.1o thcm­
$el\te$ ind they qui<:kly ro1.r1d out thot a 

nlc4' tht:oreri(.il dos.lgn d<w.$ nol nece?s• 

i;1t1Uy tn1n~l.a1e lnlo iln eall~Y cons.uuctcd 
pro totype, As wth. the1e h;;d to be .some 
ffg n'rfi.c-ant twl).ik:; .a-r.d charges ln thtr d('• 

$ÎgM lM!lore the building toJld t"Yen 1tor1. 

6Ut. afte•,; cr!lsh course on lNt ma.chines, 

ho1 .... 1i1ç (oam euttc-K o11rd 1.amin-;Hinn 

rechniques, the itudeni..,; mui~ged to p ro­

duce fooi compk!tE p rototypes In th)')e fo1 

the c.h.all<:ngt:. 

UAVfORGE CHALLfNGE 

&..udln-g up 1·0 th<' llAVf<>f9~ th;tll('ng(l, ~ 
.Selici; offr:nocku tH 10u hdll v,efc t119c1ni?Ed 

~ 0 1'11;te1 t o tcdu.:c the 1 ... 111~1 ~mount o t 

t.iOl compc:1hor$ to t<1n final k-1~. Tram 

ATMOS Wii St'l.e<:ted 10 l.ie 6lnOl'l9llt lh~ 

1op 1en <i~ was lnvlted to the UAVforqe 

fin a l fly•aff e vonl. h"lli In (it,019!.l, lJSA. 

In lhö ny·alf event, !he te.ims we1e giYen 

the po11~fbillty to 'tohow the!l1 UAV in acliUI\ 

.tn<,J 1111:~ ,, ~hot i't 1hq mk~'6n obJt:<riv~~ 

Il lu~ned o u t lh.il the m i•ulol'I it ,cll 'IUlll 

(111 mo1e dlfficult dion E•p~<:ted as not• 

fi1'IO'c tt:i!m \\'i:1\ ~hlr, lO c;al'lrd.,.1"1hc en· 

l i'le c:'OUIW! SUCtC'Sllfu lly. Still AT.V.OS mi=n­

ct9ed 10 l~ave qult<! -en imp1~sslon with 

thoir unlfiur tr.u1~ition1ng vcihiclr whiçh 

11150 himi:d 0-ut to be the only vehi<.le 

rhat was <ible to fly In full .;u1onomy The 

fl'9h t$, pqrfo rm•d by thtJ l('lm WC'tf! 4Ctu• 

111Uy the ru"r lull)• outanomoul nlght~ \Vith 

~ 

1.34m 

1.4kg 

29.2m/s 

15m/s 

T7mln 

35min 

l lokm 

• t~n$ilionin9 vc-hk!e eve1! All rogcthe1 
ATMOS wos tcWiirdèoJ wi'.lh a tetpl'CTöble 

thmJ p lK" 

FUTURE 

Allhou9h thq tC'Am tl.;)~ .i lrc..tdy ~howS'I 1hf! 

p o!cntNilor the UAV. the sys1e111 i~ f111 lrorn 

a finlshe(I p 1oduc1. And besld?s, the~e 

'"'"still iO m;iny .lflplirauon.- th;1 AT"10S 

could b~ V.J;~ Jo1 th11t bove oot heen lull'y 

lnvest!QiltEd P1>ssfbfe fu1u1e a~phca1lon 

C4.>\1ld be. ~m~1gcncy sçfvic" "1slsr.:i ricc, 

olf)ho1e i.n,pection) 01 fi1t detec..1io n , 

jusl lO namie o fe•.llf. î h\s i.s dte re•son lhiit. 

ATMOS •wiU contin~ .l~ 4 $turl~nl p1o i• 
ttCt 11i1nllo\1 1u NUn6, fe111n ul<1 Sru:tent ond 

Vcl~ly. New fl~cht:~"~"d M~$tC~$(Ud<:"~ 

wlll h.lv.i 1h4 oo~i 1b'ility o r par tM:lp11111110 In 

~b~ fu1ure i.leVc"lop111ent and optilnlSttliorl 

o( ATMOS, l!f11"Q 1he dE$1Ql'l io an ('V('I\ 

h ighroi lorvi;<L And in the\' long 1un this w1tl 

hopt-rutly ie•ad to$ vé1Soti:li:, 1eU&ble aud 

.".tldely U$€d U-'V $)'Stem ~ 

11 you u1e •flfC'1élTed "' ja1nJn9 fiit> !t-:l'rr1 ur ir 
yo~J WDllt 111011;' b1f<i1111ntk>n 11bo111 ATl\tOS; 

contact us al 111fo~rmmATAfOS.n1. 
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