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1 OBO3HAYEHWE N HAMMEHOBAHUE NMPOIrPAMMbBI
1.1. HAMMEHOBAHUE

[MorlHoe HammeHoBaHMe — (OPENMBOPK KOHTpoOsSiiepa HasBefdeHus 3-X
0CEeBOW CNYTHNKOBOW aHTEHHOW CUCTEMBI.

1.2. YCITOBHOE OBO3HAYEHUE

YcnoBHoe HanmeHoBaHue — CatFish.

2 ®PAIMEHT MICXOOHOI'O TEKCTA NMPOIrPAMMBI

Hwke npuBeneH parMeHT UCXOL4HOro TeKCcTa nporpamMmmbl OperMBOpPK
CatFish.

package model

type AntennaStatus int

const (
// AntennaStatusOff anTeHHa OTKIIIOYeHA U HE paboTaeT
AntennaStatusOff AntennaStatus = 0
AntennaStatusinitialization AntennaStatus =1

// AntennaStatusHandbrake AHTeHHa OCTaHOBIJIEHA B PYYHOM PEXKUME

AntennaStatusHandbrake AntennaStatus = 2

/I AntennaStatusStop Bce npuBo/ibI aHTEHHBI OCTAHOBIICHBI

AntennaStatusStop AntennaStatus = 3

// AntennaStatusMove Kak MuHrMyM 1 puBOJ] aHTEHHBI B IBUYKEHUH

AntennaStatusMove AntennaStatus = 4

// AntennaStatusGyrostabilizer AHTEHHa B pexuMe rupocTabuan3anuu 6e3 HarpaBIeHUs Ha
CITyTHHK

AntennaStatusGyrostabilizer AntennaStatus = 5

/I AntennaStatusGyrostabilizerDirectSatellite AHTeHHa HanpaBieHa Ha CITyTHUK C
rupoctaduian3anueil (yauThIBatOTCsl KOOPAUHATHI MIaTPOPMBI)

AntennaStatusGyrostabilizerDirectSatellite AntennaStatus = 6

AntennaStatusError  AntennaStatus = -1
AntennaStatusFatalError AntennaStatus = math.Minlint

)

var instanceAntenna Antenna
var antennaOnce sync.Once
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var NewAntenna = func() Antenna {
antennaOnce.Do(func() {
instanceAntenna = &antenna{

status: AntennaStatusOff,
changeStatus: make(chan AntennaStatus),
algorithm: NewldleAlgorithm(),
cancelAlgorithm: func() {3},
changeAlgorithm: make(chan Algorithm),
antennaPosition: newAntennaPosition(),
satellite: emptySatellite(),

guidanceSignalReceiver:
guidance_signal_receiver.NewGuidanceSignalReceiver(),

dvbReceiver: dvb_receiver.NewDVBReceiver(),

azimuth: drivers.NewDriver(drivers.RoleAzimuth),
seatAngle: drivers.NewDriver(drivers.RoleSeatAngle),
polarizationRx: drivers.NewDriver(drivers.RolePolarizationRx),
polarizationTx: drivers.NewDriver(drivers.RolePolarizationTx),

inertialNavigationSystem:
inertial_navigation_system.NewInertialNavigationSystem(),

¥
by
return instanceAntenna

}

type Antenna interface {
// StatusCode Bo3BpalaeT TeKyUuil pexxuM padoThl AHTEHHBI
StatusCode() AntennaStatus
/I Algorithm Bo3BpaiaeT Tekyuuii anroputm padboThl aHTEHHBI
Algorithm() Algorithm
// Position Bo3BparaeT Teky1iee mojaoKeHue aHTCHHBI
Position() AntennaPosition
// Satellite Bo3BparaeT 00bEKT TEKYIIEro CIyTHUKA
Satellite() Satellite
/I GuidanceSignalReceiver Bo3Bpaiaer Tekymuit 00beKT MPUEMHHUKA CUTHAJIA HABEICHUS
GuidanceSignalReceiver() guidance_signal_receiver.GuidanceSignalReceiver
// DVBReceiver Bo3ppamiaer Texkymuii 00bekT DVB npuemnnka
DVBReceiver() dvb_receiver.DVBReceiver
/I Azimuth Bo3Bpamaer 00beKT apaiiBepa 1o a3suMyTy
Azimuth() drivers.Driver
/I SeatAngle Bo3BparaeT o0BeKT apaiiBepa Mo yriy Mecta
SeatAngle() drivers.Driver
// PolarizationRx Bo3zBpaiiaer 00BbeKT IpaiiBepa o NpUeMHOMY IMOJIIPU3ATOPY
PolarizationRx() drivers.Driver
// PolarizationTx Bo3Bpariaer 00beKT ApaiiBepa 1o nepenaronemMy nojispu3aropy
PolarizationTx() drivers.Driver
// InertialNavigationSystem Bo3Bpaijaer 00beKT HaBUTALIMOHHOM CUCTEMBI
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InertialNavigationSystem() inertial_navigation_system.InertialNavigationSystem

/I CheckAlgorithmRequirement mpoBepsieT BO3SMOXHOCTH BBITIOJTHEHUS aJlTOPUTMa COTIIACHO
TpeOOBAHUSM K HKEJIe3y

CheckAlgorithmRequirement(alg Algorithm) error

// RunAlgorithm 3amyckaer anroputm B padoTy. Eciu aHTeHHA 3aHATa IPYTUM aIrOPUTMOM, TO
BO3BpAIllaeT OMIHOKY

RunAlgorithm(alg Algorithm) error

// CancelAlgorithm OcrtanaBiuBaeT paboTy aaropurMa

CancelAlgorithm()

/I CreateChanPosition [Toamnucka Ha TEKYITYIO TTO3UITUIO AaHTCHHBI
CreateChanPosition(size int) <-chan AntennaPosition

/I CloseChanPosition OTnucka Ha TEKyLIyIO O3ULUIO aHTEHHbBI
CloseChanPosition(ch <-chan AntennaPosition)

// CreateChanStatus IToanucka Ha TeKyIIuii CTaTyc aHTEHHBI
CreateChanStatus(size int) <-chan AntennaStatus

// CloseChanStatus OTnucka OT TEKYyILEro craTyca aHTCHHbI
CloseChanStatus(ch <-chan AntennaStatus)

// CreateChanAlgorithm Iloanucka Ha cMeHy anrOpUTMOB
CreateChanAlgorithm(size int) <-chan Algorithm

// CloseChanAlgorithm OTnucka oT 0OHOBIEHUH alropUT™Ma
CloseChanAlgorithm(ch <-chan Algorithm)

// SetPosition ycTaHaBIMBAET HOBYIO MO3UIIMIO aHTEHHBI OTHOCUTEILHO HYJIS

SetPosition(ctx context.Context, g common.Quaternion) error

// SetHeadPosition ycTraHaBIMBaeT HOBYIO O3UIMIO AHTEHHBI OTHOCUTEIBHO HOCA IIIAaT(HOPMBI

SetHeadPosition(ctx context.Context, g common.Quaternion) error

// SetTruePosition ycTaHaBIMBaeT HOBYIO MO3UIIMIO AHTEHHBI OTHOCUTEIILHO UCTUHHOTO CeBepa

SetTruePosition(ctx context.Context, ¢ common.Quaternion) error

/I SetHandbrake ocTanoBKa Bcex apailBEpOB aHTEHHBI

SetHandbrake(ctx context.Context, enable bool) error

// SetStop OTKII0YEHUE PeKUMA THPOCTAOMITN3AIINN

SetStop()

/I SetGyrostabilizer Bxitouaet pesxxum rupocTabuiin3aiim

SetGyrostabilizer()

// SetGyrostabilizerDirectSatellite BkirouaeT pexum rupotadmiin3zanuy ¢ y4eToM
NEpCMCIICHUA HJIaT(I)OpMBI. Paboraer eciu HACTPOCH CITYTHUK

SetGyrostabilizerDirectSatellite()

// SetSatellite YcTanapnuBaeT mapamMeTpsl TEKYIIETO CIIyTHUKA

SetSatellite(ctx context.Context, sat Satellite) error

// Run 3amyckaeTr aHTeHHY B paboTy
Run(ctx context.Context) error

¥

type antenna struct {

CBLT.75408316.CatFish.12 Ctp. 4 n3 26




®PEVMMBOPK CATFISH

000 «COKPAT MHUUNPCy»
®parMeHT MCXOQHOro TEKCTa NPorpammbl

// OOuWMiA cTaTyC aHTCHHBI

status AntennaStatus

// CMeHa craTyca aHTCHHBI
changeStatus chan AntennaStatus

// Tekymuii anrOpuTM yNpaBlIeHUs] aHTCHHOU
algorithm Algorithm

// TlepekIIroueHre aropuT™Ma

changeAlgorithm chan Algorithm

// TIpuHYIUTENBHOE 3aBEPIICHUE PAOOTHI AITOPUTMA
cancelAlgorithm context.CancelFunc

// TlonoxeHne aHTEHHBI B IIPOCTPAHCTBE
antennaPosition *antennaPosition

// TlapaMeTpbl CITyTHUKA

satellite *satellite

// Tloakro4aeMble yCTPOICTBa

// TIpueMHHK CUTHAIa HaBEeICHUS

guidanceSignalReceiver guidance_signal_receiver.GuidanceSignalReceiver

// DVB Receiver miist onpeieieHus] HCTHHHOTO a3UMyTa C TIOMOIIBIO TEJICBU3UOHHOTO
MpUEMHHKA

dvbReceiver dvb_receiver.DVBReceiver

// QpaiiBep ABMKEHUS MO a3UMYTY

azimuth drivers.Driver

// NpaiiBep NBUKEHUS MO YTIIy MeCTa

seatAngle drivers.Driver

// lpaiiBep MPUHUMAIOIIETO MOJIIPH3aTOpa

polarizationRx drivers.Driver

// [paiiBep mepeaaromiero nosipruzaropa

polarizationTx drivers.Driver

// HaBUTaIIMOHHAS CUCTEMA

inertialNavigationSystem inertial_navigation_system.InertialNavigationSystem

// Kananel yist yBeAOMJIEHHS O TEKYILEeH MO3UIMHU aHTEHHBI U T1aT(HOPMBbI
notifyAntennaPosition []Jchan AntennaPosition
muNotifyAntennaPosition sync.RWMutex

// Kanan as1st yBeZJOMJIEHHUS O TEKYII[EM CTaTyce KOHTpoJuiepa

notifyStatus []Jchan AntennaStatus

muNotifyStatus sync. RWMutex

// Kanan nist yBeJOMJICHUS O CMEHE aJITOpUTMa

notifyAlgorithm []chan Algorithm

muNotifyAlgorithm sync.RWMutex

mu sync.RWMutex
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// StatusCode Bo3BparaeT cratyc AHTEHHBI
func (a *antenna) StatusCode() AntennaStatus {
a.mu.RLock()
defer a.mu.RUnlock()
return a.status

¥

// Algorithm Bo3Bparaer TeKyIuii ak THBHBIN aIrOPUTM
func (a *antenna) Algorithm() Algorithm {
a.mu.RLock()
defer a.mu.RUnlock()
return a.algorithm

ks

// Position Bo3BpaImiaeT TeKyIIyO O30 AaHTCHHBI

func (a *antenna) Position() AntennaPosition {
return a.antennaPosition

}

/I Satellite Bo3BpaiiaeT 00bEKT TEKYIIEro CIIyTHUKA
func (a *antenna) Satellite() Satellite {

return a.satellite
}

/I GuidanceSignalReceiver Bo3BpaiaeT TeKyuii npueMHUK CUCTEMbI HaBEIECHUS

func (a *antenna) GuidanceSignalReceiver() guidance_signal_receiver.GuidanceSignalReceiver {

return a.guidanceSignalReceiver

¥

// DVBReceiver Bo3Bpaiaer Tekymuii IpueMHHUK CUCTEMbI HaBEJCHUS

func (a *antenna) DVBReceiver() dvb_receiver.DVBReceiver {
return a.dvbReceiver
}

/I Azimuth Bo3Bpaiiaer apaiiBep no azuMyTy

func (a *antenna) Azimuth() drivers.Driver {
return a.azimuth

}

// SeatAngle Bo3Bpaaer apaiiBep mo yriry Mecta

func (a *antenna) SeatAngle() drivers.Driver {
return a.seatAngle

}

// PolarizationRx BozBpamaer npaiiep no nonspuzaropy RX
func (a *antenna) PolarizationRx() drivers.Driver {
return a.polarizationRx
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ky

// PolarizationTx Bo3Bpariaer apaiisep no nomsgpuzatopy TX
func (a *antenna) PolarizationTx() drivers.Driver {

return a.polarizationTx
}

/I InertialNavigationSystem - Bozspamtact MHC

func (a *antenna) InertialNavigationSystem() inertial_navigation_system.InertialNavigationSystem {
return a.inertialNavigationSystem

}

/I CheckAlgorithmRequirement mpoBepsieM BO3MOKEH JIM 3aITyCK aJITOPUTMA HA ITOW aHTCHHE
func (a *antenna) CheckAlgorithmRequirement(alg Algorithm) error {
for _, r := range alg.Requirements() {

switch r {
case RequirementinternalNavigationSystem:
if a.inertialNavigationSystem.Model() == inertial _navigation_system.ModelOff
{
return fmt.Errorf("inertial navigation system off")
}
case RequirementGuidanceSignalReceiver:
if a.guidanceSignalReceiver.Model() == guidance_signal_receiver.ModelOff {
return fmt.Errorf("inertial navigation system off")
}
case RequirementDVBReceiver:
if a.dvbReceiver.Model() == dvb_receiver.ModelOff {
return fmt.Errorf("DVB receiver off")
default:
// TpeboBaHue COOIIOICHO
}
}
return nil
}

// RunAlgorithm 3amyckaeT HOBBIN aJITOPUTM YIIPABIEHbS aHTEHHON
func (a *antenna) RunAlgorithm(alg Algorithm) error {
antennaStatus := a.StatusCode()
switch {
case antennaStatus == AntennaStatusOff:
return fmt.Errorf(""antenna off")
case antennaStatus == AntennaStatuslnitialization:
return fmt.Errorf("antenna initialization™)
case antennaStatus == AntennaStatusFatalError:
return fmt.Errorf(""antenna fatal error")
case alg.StatusCode() <= AlgorithmStatuslInitialization:
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return fmt.Errorf("this algorithm is not initialized")
case alg.StatusCode() == AlgorithmStatusCompleted:
return fmt.Errorf(*'this algorithm is completed")
¥

// TIpoBepsieM BO3MOYKHOCTD BBITIOJIHCHHSI aJITOPUTMA

if err := a.CheckAlgorithmRequirement(alg); err = nil {
return err

¥

select {
case a.changeAlgorithm <- alg:
return nil
default:
return fmt.Errorf("another algorithm is currently active™)
¥

ks

/I CancelAlgorithm OtMmensieT Tekyuryto padoTy anropurma
func (a *antenna) Cancel Algorithm() {
a.mu.RLock()
defer a.mu.RUnlock()
if a.cancelAlgorithm !=nil {
a.cancelAlgorithm()
¥

¥

// CreateChanPosition Bo3BpalliaeT kaHal ¢ yBEAOMJICHUSIMH O TEKYyIIeH MO3ULIUU
func (a *antenna) CreateChanPosition(size int) <-chan AntennaPosition {

a.muNotifyAntennaPosition.Lock()

defer a.muNotifyAntennaPosition.Unlock()

// Jlo6aBUTH mutex

ch := make(chan AntennaPosition, size)

a.notifyAntennaPosition = append(a.notifyAntennaPosition, ch)

return ch

¥

// CloseChanPosition 3akpbIBaeT KaHaJl 15l OCBOOOXKIEHUS PECYPCOB
func (a *antenna) CloseChanPosition(ch <-chan AntennaPosition) {
a.muNotifyAntennaPosition.Lock()
defer a.muNotifyAntennaPosition.Unlock()
for i, ¢ := range a.notifyAntennaPosition {
ifch==c{
a.notifyAntennaPosition = append(a.notifyAntennaPosition[:i],
a.notifyAntennaPosition[i+1:]...)
// 3akpbIBaeM KaHaI
close(c)
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return

¥

/I CreateChanStatus Bo3Bpaiiaet KaHall ¢ yBEIOMIICHUSMH O TEKYIIEM CTaTyCe aHTCHHBI
func (a *antenna) CreateChanStatus(size int) <-chan AntennaStatus {
a.muNotifyStatus.Lock()
defer a.muNotifyStatus.Unlock()
ch := make(chan AntennaStatus, size)
a.notifyStatus = append(a.notifyStatus, ch)
return ch

ks

// CloseChanStatus 3akpbIBaeT KaHaJ JJIsi OCBOOOKICHHUS PECYpPCOB
func (a *antenna) CloseChanStatus(ch <-chan AntennaStatus) {
a.muNotifyStatus.Lock()
defer a.muNotifyStatus.Unlock()
for i, ¢ := range a.notifyStatus {
ifch==c{
a.notifyStatus = append(a.notifyStatus[:i], a.notifyStatus[i+1:]...)
// 3akpbIBaeM KaHal
close(c)
return

by

/I CreateChanAlgorithm Bo3BpaiaeT kaHai ¢ yBeJOMJICHUSIMH O paboTe HOBOTO aJITOPUTMA
func (a *antenna) CreateChanAlgorithm(size int) <-chan Algorithm {
a.muNotifyAlgorithm.Lock()
defer a.muNotifyAlgorithm.Unlock()
ch := make(chan Algorithm, size)
a.notifyAlgorithm = append(a.notifyAlgorithm, ch)
return ch

¥

// CloseChanAlgorithm 3akpbiBaeT kaHaj U1t OCBOOOXKIEHUS pECYPCOB
func (a *antenna) CloseChanAlgorithm(ch <-chan Algorithm) {
a.muNotifyAlgorithm.Lock()
defer a.muNotifyAlgorithm.Unlock()
for i, ¢ := range a.notifyAlgorithm {
ifch==c{
a.notifyAlgorithm = append(a.notifyAlgorithm[:i], a.notifyAlgorithm[i+1:]...)
// 3akpbIBaeM KaHal
close(c)
return
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ky

// SetPosition ycTaHaBIMBAECT HOBYIO MO3HIIMIO AaHTEHHBI OTHOCUTEIIHO HYJISI aHTEHHBI
func (a *antenna) SetPosition(ctx context.Context, ¢ common.Quaternion) error {
gDrivers := a.antennaPosition.setPosition(q)
return a.setDriversMotion(ctx, gDrivers, common.Vector3{})

ks

/I SetHeadPosition ycTaHaBIUBaeT HOBYIO MO3UIUIO aHTCHHBI OTHOCUTEIIFHO HOCa MOO
o0BeKTa
func (a *antenna) SetHeadPosition(ctx context.Context, ¢ common.Quaternion) error {
gDrivers := a.antennaPosition.setHeadPosition(q)
return a.setDriversMotion(ctx, gDrivers, common.Vector3{})

}

UIBHOI'O

/I SetTruePosition ycTaHaBIMBaeT HOBYIO MO3HIIMIO AaHTEHHBI OTHOCUTEIIBHO HCTUHHOTO CeBepa

func (a *antenna) SetTruePosition(ctx context.Context, g common.Quaternion) error {
gDrivers := a.antennaPosition.setTruePosition(q)
return a.setDriversMotion(ctx, gDrivers, common.Vector3{})

}

/I SetHandbrake IIporpamMmmMHuast ocraHoBKa ApaiiBepoB
func (a *antenna) SetHandbrake(ctx context.Context, enable bool) error {
// oTIpaBsieM IBUKKH B CTOII
// TODO MOXHO yCKOPUTb -> OTIIPABJISTH MapajljIeIbHO
if err := a.azimuth.SetHandbrake(ctx, enable); err '=nil {
return err
¥

if err := a.seatAngle.SetHandbrake(ctx, enable); err 1= nil {
return err
¥

if err := a.polarizationRx.SetHandbrake(ctx, enable); err = nil {
return err
}

if err := a.polarizationTx.SetHandbrake(ctx, enable); err = nil {
return err
¥

return nil

¥

// SetStop Brikmodaer pexxuMbl THPOCTA0MITN3AIIH
func (a *antenna) SetStop() {

a.changeStatus <- AntennaStatusStop
ky
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/I SetGyrostabilizer 3amyckaet pexuM rupocTaduIN3aH
func (a *antenna) SetGyrostabilizer() {

a.changeStatus <- AntennaStatusGyrostabilizer
}

Il SetGyrostabilizerDirectSatellite 3amyckaet peskuM rHpOCTa0MIU3AIMH + IIEpEPaCcCUET HOI0KEHUS
CIIyTHUKA B 3aBUCHIMOCTH OT KOOPJMHAT
func (a *antenna) SetGyrostabilizerDirectSatellite() {
a.changeStatus <- AntennaStatusGyrostabilizerDirectSatellite
}

// SetSatellite ycranaBIMBaeT HOBBIC ITapaMETPhI CITYTHUKOB M OTIIPABJISET B IBUTATEIIA HOBBIC YTJIbI
func (a *antenna) SetSatellite(ctx context.Context, sat Satellite) error {

// HactpauBaem [1ICH

if err := a.guidanceSignalReceiver.SetFrequency(ctx, sat.Frequency()); err '=nil {
return err

}

// HactpauBaem DVB pecusep

if err := a.dvbReceiver.SetFrequency(ctx, sat.Frequency()); err !=nil {
return err

¥

// CoxpaHsieM HOBBI CITyTHUK
a.satellite.changeSatellite(sat)

// TlepeaaeM ABUraTessiM HOBYIO LI€Jb
if err := a.SetTruePosition(ctx,
a.Satellite(). TruePosition(a.Position().Platform().Coordinates())); err = nil {
return err
}

return nil

¥

// Run 3aHy0KaCT nponece NOAKIKYCHUSA K L[paﬁBepaM " OTCJIC)KHUBAHUA UX
func (a *antenna) Run(ctx context.Context) error {
if a.StatusCode() !'= AntennaStatusOff {
return fmt.Errorf("antenna is work™)
b

ctx, cancel := context.WithCancel(ctx)

// Ecin (IJYHKI_II/DI 3aBCpHIacT pa60Ty, TO aHTCHHA MEPCXOAUT B CTATYC HHULIUAJIN3 AU
a.setStatus(AntennaStatusinitialization)

defer a.setStatus(AntennaStatusOff)

chDone := make(chan error, 3)

CBLT.75408316.CatFish.12 Ctp. 11 n3 26




000 «COKPAT MHUNPC»

®PEMMBOPK CATFISH
®parMeHT MCXOQHOro TEKCTa NPorpammbl

¥

go func() {
chDone <- a.listenStatus(ctx)

cancel()
30

go func() {
chDone <- a.listenPosition(ctx)

cancel()
30

go func() {
chDone <- a.executionAlgorithm(ctx)

cancel()
30
err := <-chDone
_=<-chDone
_=<-chDone

// 3akpbIBaeM KaHAJIbI yBEIOMIICHHI U OYHIIAEM UX
a.muNotifyAlgorithm.Lock()
for _, ch :=range a.notifyAlgorithm {
close(ch)
¥

a.notifyAlgorithm = nil
a.muNotifyAlgorithm.Unlock()

a.muNotifyAntennaPosition.Lock()

for _, ch :=range a.notifyAntennaPosition {
close(ch)

}

a.notifyAntennaPosition = nil
a.muNotifyAntennaPosition.Unlock()

a.muNotifyStatus.Lock()

for _, ch :=range a.notifyStatus {
close(ch)

}

a.notifyStatus = nil
a.muNotifyStatus.Unlock()

return err

/I executionAlgorithm 3arpy3unk alropuTMOB HaBEJCHUS

func (a *antenna) executionAlgorithm(ctx context.Context) error {

var ctxAlg context.Context
for {
select {
case alg := <-a.changeAlgorithm:

CBLT.75408316.CatFish.12
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a.mu.Lock()
a.algorithm = alg
ctxAlg, a.cancelAlgorithm = context.WithCancel(ctx)
a.mu.Unlock()
// YBenomiisieM 0 CMEHE alropuTMa
a.sendNotifyChanAlgorithm(alg)
alg.Run(ctxAlg, a)
a.cancelAlgorithm()

case <-ctx.Done():
a.Cancel Algorithm()
return ctx.Err()

}

func (a *antenna) listenStatus(ctx context.Context) error {
if gsrSimulator, ok := a.guidanceSignalReceiver.(*guidance_signal_receiver.Simulator); ok {
gsrSimulator.SetCallbackPosition(func() (trueSatellite common.Quaternion,
trueAntenna common.Quaternion) {
return a.satellite. TruePosition(a.Position().Platform().Coordinates()),
a.Position(). TruePosition()

)

defer gsrSimulator.DeleteCallbackPosition()

}

if dvbReceiver, ok := a.dvbReceiver.(*dvb_receiver.Simulator); ok {
dvbReceiver.SetCallbackPosition(func() (trueSatellite common.Quaternion, trueAntenna
common.Quaternion) {
return a.satellite. TruePosition(a.Position().Platform().Coordinates()),
a.Position(). TruePosition()

)

defer dvbReceiver.DeleteCallbackPosition()

}

log := common.ContextLog(ctx)

if err := a.azimuth.Connect(common.ContextWithLog(ctx, log.WithField(common.DeviceKey,
"driver azimuth™))); err '=nil {
return err
b

azmCh := a.azimuth.CreateChanStatus(1)
defer a.azimuth.CloseChanStatus(azmcCh)
azmsStatus := a.azimuth.StatusCode()

if err := a.seatAngle.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "driver seat angle"))); err I=nil {
return err
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¥
saCh := a.seatAngle.CreateChanStatus(1)

defer a.seatAngle.CloseChanStatus(saCh)
saStatus := a.seatAngle.StatusCode()

if err := a.polarizationRx.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "driver polRx™))); err 1= nil {
return err
¥

pRXxCh := a.polarizationRx.CreateChanStatus(1)
defer a.polarizationRx.CloseChanStatus(pRxCh)
pRxStatus := a.polarizationRx.StatusCode()

if err := a.polarizationTx.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "driver polTx"))); err I=nil {
return err
b

pTXCh := a.polarizationTx.CreateChanStatus(1)
defer a.polarizationTx.CloseChanStatus(pTxCh)
pTxStatus := a.polarizationTx.StatusCode()

if err := a.inertialNavigationSystem.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "INS"))); err 1= nil {
return err
¥

insCh := a.inertialNavigationSystem.CreateChanStatus(1)
defer a.inertialNavigationSystem.CloseChanStatus(insCh)
insStatus := a.inertialNavigationSystem.StatusCode()

// TIpueMHHK CUTHaIa HaBeCHUS
if err := a.guidanceSignalReceiver.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "GSR™))); err I=nil {
return err
}

gsrCh := a.guidanceSignalReceiver.CreateChanStatus(1)
defer a.guidanceSignalReceiver.CloseChanStatus(gsrCh)
gsrStatus := a.guidanceSignalReceiver.StatusCode()

// TlpueMHHK CUTHAJIa HaBEICHUSI
if err := a.dvbReceiver.Connect(common.ContextWithLog(ctx,
log.WithField(common.DeviceKey, "DVBr"))); err 1= nil {
return err
¥

dvbRCh := a.dvbReceiver.CreateChanStatus(1)
defer a.dvbReceiver.CloseChanStatus(dvbRCh)
dvbRStatus := a.dvbReceiver.StatusCode()
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// Kemmpyem cTaTyc ycTpoicTBa 4T00 HE OI0YNUTH MIOTEKCOM

antennaStatus := a.StatusCode()

var err error

antennaStatus, err = a.checkStatus(antennaStatus, azmStatus, saStatus, pRxStatus, pTxStatus,
gsrStatus, insStatus, dvbRStatus)

for {
// YKnem u3MeHeHHUs MO3UIINK IpaliBepoB U OOHOBJISIEM MTO3UIIMIO AHTECHHBI
select {
/I QpaiiBepa
case status, ok := <-azmCh:

if lok {
return fmt.Errorf("azimuth driver notifications are closed")
¥

azmStatus = status
case status, ok := <-saCh:
if lok {
return fmt.Errorf(*seat angle driver notifications are closed")
}

saStatus = status
case status, ok := <-pRxCh:
if lok {
return fmt.Errorf("polarization rx driver notifications are closed")
¥

pRxStatus = status
case status, ok := <-pTxCh:
if lok {
return fmt.Errorf("polarization rx driver notifications are closed")
}

pTxStatus = status
// HaBUTanmmoHHas cucTeMa
case status, ok := <-insCh:
if lok {
return fmt.Errorf("INS notifications are closed™)
}

insStatus = status
case status, ok := <-gsrCh:
if lok {
return fmt.Errorf(guidance signal receiver notifications status are
closed™)
}
gsrStatus = status
case status, ok := <-dvbRCh:
if ok {
return fmt.Errorf("dvb receiver notifications status are closed™)
}

dvbRStatus = status
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case status := <-a.changeStatus:
// Eciu MeHsIeTCs CTaTyC aHTCHHBI
antennaStatus = status

// 3aBepiieHue pabOTHI

case <-ctx.Done():
return ctx.Err()

¥

antennaStatus, err = a.checkStatus(antennaStatus, azmStatus, saStatus, pRxStatus,
pTxStatus, gsrStatus, insStatus, dvbRStatus)
if err I=nil {
return err
¥

ks

/| OyHKIUS TPUHAMAET PEIICHHUSI OTHOCUTEIBHO CTaTyCca aHTCHHBI
func (a *antenna) checkStatus(antennaStatus AntennaStatus, azmStatus, saStatus, pRxStatus, pTxStatus
drivers.Status, gsrStatus guidance_signal_receiver.Status, insStatus inertial_navigation_system.Status,
dvbRStatus dvb_receiver.Status) (AntennaStatus, error) {
// TIpuHUMaeM penieHrs: HacueT III00aIbHOTO cTaTyca
switch {
case antennaStatus == AntennaStatusOff:
return antennaStatus, fmt.Errorf(*“antenna off")
// He BoccTaHOBMMas olIMOKa 3aBepiiaeM padoTy
case azmStatus == drivers.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf("azimuth driver fatal error")
case saStatus == drivers.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf("seat angle driver fatal error™)
case pRxStatus == drivers.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf(“pol rx driver fatal error™)
case pTxStatus == drivers.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf(“pol tx driver fatal error")
case insStatus == inertial_navigation_system.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf("inertial navigation system fatal error")
case gsrStatus == guidance_signal_receiver.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf(""guidance signal receiver fatal error")
case dvbRStatus == dvb_receiver.StatusFatalError:
antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf("dvb reciever fatal error™)
case antennaStatus == AntennaStatusFatalError:

CBLT.75408316.CatFish.12 Ctp. 16 3 26




®PEVMMBOPK CATFISH

000 «COKPAT MHUUNPCy»
®parMeHT MCXOQHOro TEKCTa NPorpammbl

antennaStatus = a.setStatus(AntennaStatusFatalError)
return antennaStatus, fmt.Errorf(“antenna fatal error")

// OmmOKy MOXHO BOCCTAaHOBUTH
case azmStatus < drivers.StatusInitialization || saStatus < drivers.Statusinitialization || pRxStatus
< drivers.Statuslnitialization || pTxStatus < drivers.Statuslnitialization || insStatus <
inertial_navigation_system.StatusInitialization || gsrStatus <
guidance_signal_receiver.Statuslnitialization || dvbRStatus < dvb_receiver.StatuslInitialization:
antennaStatus = a.setStatus(AntennaStatusError)

// AHTEeHHA OCTaHOBIJIEHA B PYYHOM pPEKHME
case azmStatus == drivers.StatusHandbrake && saStatus == drivers.StatusHandbrake &&
pRxStatus == drivers.StatusHandbrake && pTxStatus == drivers.StatusHandbrake:
antennaStatus = a.setStatus(AntennaStatusHandbrake)

// TIponiecc MHUIIMATU3AIMA AaHTCHHBI
case azmStatus == drivers.Statuslnitialization || saStatus == drivers.StatusInitialization ||
pRxStatus == drivers.Statuslnitialization || pTxStatus == drivers.Statuslnitialization || insStatus ==
inertial_navigation_system.StatusInitialization || gsrStatus ==
guidance_signal_receiver.StatusInitialization || dvbRStatus == dvb_receiver.StatuslInitialization:
antennaStatus = a.setStatus(AntennaStatusinitialization)

case antennaStatus == AntennaStatusGyrostabilizer:
antennaStatus = a.setStatus(AntennaStatusGyrostabilizer)

case antennaStatus == AntennaStatusGyrostabilizerDirectSatellite:
antennaStatus = a.setStatus(AntennaStatusGyrostabilizerDirectSatellite)

// OrnipenensieM 4TO aHTEHHA OCTAHOBJIEHA €CJIN BCeE JipaiiBepa OCTAHOBJICHBI
case azmStatus <= drivers.StatusStop && saStatus <= drivers.StatusStop && pRxStatus <=
drivers.StatusStop && pTxStatus <= drivers.StatusStop:
antennaStatus = a.setStatus(AntennaStatusStop)

// OnpenenﬂeM YTO aHT€HHA B ABUXXCHHUU €CJIN XOTh OJUH npaﬁBep B IIpoHecCe NBUKCHUA
case azmsStatus > drivers.StatusStop || saStatus > drivers.StatusStop || pRxStatus >
drivers.StatusStop || pTxStatus > drivers.StatusStop:
antennaStatus = a.setStatus(AntennaStatusMove)

default:
return antennaStatus, fmt.Errorf(""He ynanoch onpenenauTs cTaTyc aHTeHHBI'")
¥

return antennaStatus, nil

¥

/I listenPosition Ciyiiaer nepeMeleHus ABUraTesen, mpy nojJy4eHur HOBBIX JaHHBIX OT INS
nepeaaeM KOMIIEHCAIMIO Ha IBUTaTelH
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func (a *antenna) listenPosition(ctx context.Context) error {
// Tlomy4daeM KaHaJIbl YBEJOMJICHUH JIpaliBepOB
azmCh := a.azimuth.CreateChanAngleRad(1)
defer a.azimuth.CloseChanAngleRad(azmCh)
saCh := a.seatAngle.CreateChanAngleRad(1)
defer a.seatAngle.CloseChanAngleRad(saCh)
pRXCh := a.polarizationRx.CreateChanAngleRad(1)
defer a.polarizationRx.CloseChanAngleRad(pRxCh)
pTxCh := a.polarizationTx.CreateChanAngleRad(1)
defer a.polarizationTx.CloseChanAngleRad(pTxCh)

// Kanan yBenomnenust MHC
insCh := a.inertialNavigationSystem.CreateChanPosition(1)
defer a.inertialNavigationSystem.CloseChanPosition(insCh)

// HyneBble yriibl KOTOpbIE OyayT OOHOBIATHCS U BBICUUTHIBATH (DMHATHHBINA KBATEPHUOH
y := common.FromY AxisAngleRadian(a.azimuth.AngleRad())

X := common.FromXAxisAngleRadian(a.seatAngle.AngleRad())

z := common.FromZAxisAngleRadian(a.polarizationRx.AngleRad())

for {
// YKnem u3MeHeHHUs MMO3UIINK IpaliBepOoB U OOHOBJISIEM MTO3UIIMIO AHTECHHBI
select {
/I qpaiiBepa
case angle, ok := <-azmCh:
if lok {
return fmt.Errorf("azimuth driver notifications are closed™)
}

y = common.FromY AxisAngleRadian(angle)
case angle, ok := <-saCh:
if lok {
return fmt.Errorf(*seat angle driver notifications are closed")
}

x = common.FromXAxisAngleRadian(angle)
case angle, ok := <-pRxCh:
if lok {
return fmt.Errorf("polarization rx driver notifications are closed™)
}

z = common.FromZAxisAngleRadian(angle)
case _, ok := <-pTxCh:
if lok {
return fmt.Errorf("polarization rx driver notifications are closed™)
}

// HaBUTammmoHHas cucteMa
case p, ok := <-insCh:
if ok {
return fmt.Errorf("INS notifications are closed")
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¥

switch a.StatusCode() {
case AntennaStatusGyrostabilizer:
// KoMmieHcupyem cMmelieHue miaThopMbl €CITU HaXOIUMCS B COCTOSTHUU

FHpOCTa6I/IJ'II/I3aI_II/II/I

g := a.antennaPosition.gyrostabilizer(p)

// BEeKTOpHBIE CKOPOCTH Cpa3y MEHsIEM Ha MPOTUBOIOJIOKHBIC

if err := a.setDriversMotion(ctx, g, p.AngularVelocity.Rotate(q).Scale(-
1)); err '=nil {

logrus.Errorf("new driver position %s", err)
}
case AntennaStatusGyrostabilizerDirectSatellite:

// KOMHGHCI/IpyeM CMCILICHHUC HJ'IaT(i)OpMLI €CJIM HaXO0OUMCA B COCTOSIHHNU

TUPOCTA0MITH3AIIUN

q:=
a.antennaPosition.gyrostabilizerNewTrueTarget(a.Satellite(). TruePosition(p.Coordinates), p)
// BeKTOpHLIe CKOpPOCTH Cpa3y MCHACM Ha IPOTUBOIIOJIOKHbBIC
if err := a.setDriversMotion(ctx, g, p.AngularVelocity.Rotate(q).Scale(-
1)); err '=nil {
logrus.Errorf(*new driver position %s", err)
}
default:
a.antennaPosition.update TrueTarget(p)
}

// 3aBepieHue padboThl
case <-ctx.Done():

return ctx.Err()
}

// OOHOBIISIEM TTO3HIINIO aHTCHHBI
a.antennaPosition.updateCurrentPosition(y.Multiplies(x, z))

// OTrpaBiisieM yBeIOMJICHUSI O HOBOM TTO3UIIUN aHTEHHBI
a.sendNotifyChanPosition(a.antennaPosition.copy())

¥

// setDriversMotion oTnpaBisieT B paiiBEpbl HOBBIE YIJIbI
func (a *antenna) setDriversMotion(ctx context.Context, @ common.Quaternion, angVel
common.Vector3) error {
// Ecnu ycTpoiCcTBO HE MHUIIMATU3UPOBAHO WK OIIMOKA, TO Cpa3y BO3BpAIllaeM OLIUOKY
a.mu.RLock()
defer a.mu.RUnlock()
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¥

// Henb3s ynpaBisaTh IBUTATEIIEM BO BPEMs HHUITUAIU3AINH U OIIUOKU
switch a.status {
case AntennaStatusinitialization:
return fmt.Errorf(“error initialization™)
case AntennaStatusError:
return fmt.Errorf(“error™)
case AntennaStatusFatalError:
return fmt.Errorf(*'fatal error")
¥

// OTnpasiisieM HOBBIE yTJIbl B IpaiiBepa
Y, X, Z := ¢.ToEulerAnglesRadian()
if err := a.azimuth.SetAngleRad(ctx, y, angVel[1]); err != nil {

return err

}

if err := a.seatAngle.SetAngleRad(ctx, X, angVel[0]); err !=nil {
return err

}

if err := a.polarizationRx.SetAngleRad(ctx, z, angVel[2]); err '=nil {
return err

}

if err := a.polarizationTx.SetAngleRad(ctx, z, angVel[2]); err I=nil {
return err

}

return nil

// setStatus ycTaHaBIMBaeT HOBBII CTaTyC KOHTpOJIJIepa IBUKEHUN
func (a *antenna) setStatus(status AntennaStatus) AntennaStatus {

¥

a.mu.Lock()
defer a.mu.Unlock()
if a.status != status {
a.status = status
a.sendNotifyChanStatus(a.status)
¥

return a.status

// sendNotifyChanPosition oTrpaBiisieT yBeJOMJICHHS O TTO3UIIMA aHTCHHBI
func (a *antenna) sendNotifyChanPosition(pos AntennaPosition) {

a.muNotifyAntennaPosition.RLock()
defer a.muNotifyAntennaPosition.RUnlock()

/l YBegomisieM BCeX MOANNCYMKOB O HOBOM MO3MIIMK aHTCHHBI MJIM HAaBUTALIMOHHON CUCTEMBI

for _, ch :=range a.notifyAntennaPosition {
select {
case ch <- pos:
default:
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ky

/I sendNotifyChanPosition oTnpaBisieT yBeIOMIICHHUS O MO3UIIUN aHTCHHBI
func (a *antenna) sendNotifyChanStatus(s AntennaStatus) {
a.muNotifyStatus.RLock()

defer a.muNotifyStatus.RUnlock()

// yBeHOMHHeM BCEX MOAIINCYUKOB O HOBOU IIO3NIIUHU aHTCHHbI WU HaBHFaHHOHHOfI CUCTEMBI
for _, ch :=range a.notifyStatus {

select {
case ch <-s:
default:

¥
¥

/I sendNotifyChanPosition oTnpaisieT yBeIOMIIEHUS O MO3UIIUN AaHTEHHBI
func (a *antenna) sendNotifyChanAlgorithm(alg Algorithm) {
a.muNotifyAlgorithm.RLock()

defer a.muNotifyAlgorithm.RUnlock()

// yBeI[OMJ'ISIeM BCCX MOAIMCYHUKOB O 3aBCPIICHUHU pa6OTI>I aJropurma
for _, ch :=range a.notifyAlgorithm {
select {

case ch <- alg:
default:

¥
k

package model

import (
"github.com/schnack/catfish/app/common"”

"github.com/schnack/catfish/app/model/inertial_navigation_system"
"github.com/schnack/catfish/config"
"math"

"SynC"

)
const DeltaAngle float64 = 0.000000004

func newAntennaPosition() *antennaPosition {
return &antennaPosition{
platform: newPlatform(),

ZEro: common.ldentityQuaternion,
head:
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common.FromEulerAnglesDegrees(config.New().Antenna.Drivers.Offset.Course,
config.New().Antenna.Drivers.Offset.Pitch, config.New().Antenna.Drivers.Offset.Roll),
trueTarget: common.ldentityQuaternion,
relative: config.New().Antenna.Drivers.Relative,

¥

// FactoryAntennaPosition Co31aeT 00bEKT MO3UIIMH AHTCHHBI
func FactoryAntennaPosition(p Platform, zero, head, trueTarget common.Quaternion, relative bool)
AntennaPosition {

pl, ok := p.(*platform)

if ok {
pl = newPlatform()

}

return &antennaPosition{
platform: pl,
trueTarget: trueTarget,
head: head,
Zero: Zero,
relative: relative,

}

}

type AntennaPosition interface {
Position() common.Quaternion
HeadPosition() common.Quaternion
TruePosition() common.Quaternion
TargetPosition() common.Quaternion
HeadTargetPosition() common.Quaternion
TrueTargetPosition() common.Quaternion
TrueMisalignment() float64
HeadMisalignment() float64
Misalignment() float64
Platform() Platform

by

type antennaPosition struct {

// TInatdopma

platform *platform

// TlomoxeHue K KOTOPOMY CTPCMUTHCSA aHTCHHA OTHOCUTCIIBHO CCBCPaA

trueTarget common.Quaternion

// TlonoxxeHue HyJis aHTEHHbl OTHOCUTEIIFHO HOCA MIaT(OPMBI

head common.Quaternion

// TlosmoxeHne aHTEHHBI OTHOCUTEIBHO HYJICBOT'O ITOJIOKCHUS aHTCHHBI (TeKymee IIOJIOKCHHUC
AQHTEHHBI)

zero common.Quaternion
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// 3aMeHsIeT peKUM yKa3aHUS YTIIOB JIpaiiBepaM ¢ aOCOFOTHBIX Ha OTHOCUTEIILHBIC
relative bool

/I CuHXpOHU3AIHS
mu sync.RWMutex

¥

func (p *antennaPosition) copy() *antennaPosition {
p.mu.RLock()
defer p.mu.RUnlock()
return &antennaPosition{
platform: p.platform.copy(),
zero:  p.zero,
head: p.head,
trueTarget: p.trueTarget,
relative: p.relative,

}

func (p *antennaPosition) Position() common.Quaternion {
p.mu.RLock()
defer p.mu.RUnlock()
return p.zero

}

// HeadPosition Bo3BpaIiaeT KBaTepHHOH MTOBOPOTA AHTEHHBI OTHOCUTENILHO HOCA TIIAT(OPMBI
func (p *antennaPosition) HeadPosition() common.Quaternion {

p.mu.RLock()

defer p.mu.RUnlock()

return p.head.Multiplies(p.zero)

by

func (p *antennaPosition) TruePosition() common.Quaternion {
p.mu.RLock()
defer p.mu.RUnlock()
return p.platform.TruePosition().Multiplies(p.head, p.zero)

¥

// TargetPosition Bo3BpaiaeT KBATEPHUOH I1€JIEBOM TOUKH aHTCHHBI
func (p *antennaPosition) TargetPosition() common.Quaternion {
p.mu.RLock()
defer p.mu.RUnlock()
return p.head.Conjugate().Multiplies(p.platform.TruePosition().Conjugate(), p.trueTarget)

¥

func (p *antennaPosition) HeadTargetPosition() common.Quaternion {
p.mu.RLock()
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defer p.mu.RUnlock()
return p.platform.TruePosition().Conjugate().Multiplies(p.trueTarget)

ky

func (p *antennaPosition) TrueTargetPosition() common.Quaternion {
p.mu.RLock()
defer p.mu.RUnlock()
return p.trueTarget

ks

func (p *antennaPosition) TrueMisalignment() float64 {
return math.Abs(p.TrueTargetPosition().Dot(p. TruePosition()))
}

func (p *antennaPosition) HeadMisalignment() float64 {
return math.Abs(p.HeadTargetPosition().Dot(p.HeadPosition()))
}

func (p *antennaPosition) Misalignment() float64 {
return math.Abs(p.TargetPosition().Dot(p.Position()))
}

func (p *antennaPosition) Platform() Platform {
return p.platform
}

func (p *antennaPosition) setPosition(q common.Quaternion) common.Quaternion {
p.mu.Lock()
defer p.mu.Unlock()

p.trueTarget = p.platform.TruePosition().Multiplies(p.head, q)

if p.relative {
return p.zero.Conjugate().Multiplies(q)

}else {

return g
}

¥

func (p *antennaPosition) setHeadPosition(q common.Quaternion) common.Quaternion {
p.mu.Lock()
defer p.mu.Unlock()

p.trueTarget = p.platform.TruePosition().Multiplies(q)

if p.relative {
return p.zero.Conjugate().Multiplies(p.head.Conjugate(), q)
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}else {
return p.head.Conjugate().Multiplies(q)
¥

¥

func (p *antennaPosition) setTruePosition(q common.Quaternion) common.Quaternion {
p.mu.Lock()
defer p.mu.Unlock()

p.trueTarget = g

if p.relative {
return p.zero.Conjugate().Multiplies(p.head.Conjugate(),
p.platform.TruePosition().Conjugate(), p.trueTarget)
}else {
return p.head.Conjugate().Multiplies(p.platform.TruePosition().Conjugate(),
p.trueTarget)

}

func (p *antennaPosition) updateCurrentPosition(q common.Quaternion) {
p.mu.Lock()
defer p.mu.Unlock()
p.zero =

}

func (p *antennaPosition) gyrostabilizer(pos inertial_navigation_system.Position) common.Quaternion
{

p.mu.RLock()

defer p.mu.RUnlock()

_ = p.platform.updateCurrentTruePosition(pos)

if p.relative {
return p.zero.Conjugate().Multiplies(p.head.Conjugate(),
p.platform.TruePosition().Conjugate(), p.trueTarget)
}else {
return p.head.Conjugate().Multiplies(p.platform.TruePosition().Conjugate(),
p.trueTarget)

¥
}
func (p *antennaPosition) gyrostabilizerNewTrueTarget(truePosition common.Quaternion, pos
inertial_navigation_system.Position) common.Quaternion {

p.mu.Lock()

defer p.mu.Unlock()
_ = p.platform.updateCurrentTruePosition(pos)
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p.trueTarget = truePosition

if p.relative {

return p.zero.Conjugate().Multiplies(p.head.Conjugate(),

p.platform.TruePosition().Conjugate(), p.trueTarget)

}else {
return p.head.Conjugate().Multiplies(p.platform.TruePosition().Conjugate(),
p.trueTarget)
¥
}

func (p *antennaPosition) updateTrueTarget(pos inertial _navigation_system.Position) {

p.mu.Lock()
defer p.mu.Unlock()
old := p.platform.updateCurrentTruePosition(pos)

p.trueTarget = p.Platform().TruePosition().Multiplies(old.Angles.Conjugate(), p.trueTarget)
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