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FEERBTR: BRI
IMBERE: XA2021-P-004 (FAZR5y) . XA2023-P-008 (FPV #BHERS)

Project Overview

1.1 Product Name & Model

Product Name: Perception Module

Project Code: XA2021-P-004 (radar section), XA2023-P-008 (FPV camera section)

2. IEBSHEIA

1 24 SRR FITROR R, FAWGEZRSE. (GHEEE. BUA FPV A1 FPV XL/ MERBE S B —
NEFMERIZT, D TIMNPEREIE. EhatimL, BRPHETRA, TR ERIIGEDZRIESR,
(BEERTHAERRKIBAESEIEIR, JIMERIBEHEEINTHE—, REMERLS. Biflse
MER IR, XEFHSET 24 FRAIRFEAIMZRTHESRIFFE BT,

BEEBANBANENNGER, FIRAIRITSEEESEENRS. T27 25 BRI £, FAVEERANE
BEEXTAEASHEAKIEESTX, BRMELIITHRELSHE— I aREL, BERXELHOHN
CANFD s OiEdE, FRLUMESS—&FEI FPV BTk O LR ¥im#iT@Eif.

BRS, BT A EREAB AT NATHER AT SEEIRRIEIESEAL, Bt FR T £mA0S R EF-HER.

Project Background

During the design of the 24-series perception system, we physically merged the yaw radar,
terrain-following radar, front FPV camera, and downward FPV camera into a single
perception module. This reduced external harness count, shrank the structural enclosure,
cut costs, and simplified mounting locations. However, due to tight schedules and limited
technical reserves, the integration remained superficial—only the housing was unified;
internal sub-modules and the communication architecture remained largely independent.
The result was a bulky overall form factor.

To achieve a truly compact design, the 25-series perception module adopts deeper
integration:

* The former yaw radar and terrain-following radar are combined into a single rotating
radar.

« The front and downward cameras are replaced by one fisheye lens.
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» The radar’s external CAN-FD port is eliminated; all signals are consolidated and
transmitted to the flight controller via the FPV camera’s gigabit Ethernet port.

Simultaneously, in line with corporate cost-reduction goals and to prepare for potential
sanctions, we have initiated a full-scale shift to domestically sourced chips.

3. FEmmiEk

ESRA BRSNS B R, BIEIMRLT FPV B LEERARIBRAIIIEE, RS P TANRIERENL
T2E. ETHMRFPV B, £ X5F&89 VPAC, DMPAC, DSP, MMA Efhiit & &R IMERH 1Tk
A, SCHSEEARTRANEE, . REABIrMNE. REeR5|I1SEEFIE, 7TORE P RIIEL
ANIVBFIIAGRI4ER, SEHEINERELAUERIFLL.

EHHINEEEIR, AT 360 EEomEiAHE. AMYXATLARAIERISHIRESIHT VTEEIINERS
RSB T T, ERTLURAIE ESRIESYIH TEE, BOMEIURSR, B ElZe

Product Description

Aligned with the company’s cost-down & efficiency-up objectives, the redesigned FPV
camera delivers enhanced perception capabilities and raises the intelligence level of P-series
UAVs. Leveraging the X5 platform’s VPAC, DMPAC, DSP, and MMA vision-compute
resources, the fisheye FPV camera performs environmental perception that includes—but is
not limited to—obstacle avoidance, terrain prediction, automatic night-time fill-lighting,
and safe-point guided landing, thereby expanding the UAV's environmental awareness and
enabling smarter crop-spraying operations.

The new rotating radar performs 360° omnidirectional scanning. It not only detects forward
obstacles for flight avoidance and measures ground clearance for terrain-following flight,
but also senses overhead obstacles, reducing crash risk and further improving operational
safety.

4. @AM (Product Appearance)
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B 1 =aR9MNREE (Figure 1 - Product Appearance Diagram)

5. ZRZELEH3(System Architecture)

FIRLAKK R EEAM
BB w .
Obstacle (Gigabit Ethernet) (Mobile Internet)

R CIRAR APP

RIFR R Jifei Nongfu App)

; > o

ZE XK. B BE
Millimeter-wave

Imaging &@%ﬂffﬁiﬁ(Perception Module)

1 RGeZR¥a~EE(Figure 1 - System Architecture Diagram)
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2 FERtEEI7REE (Figure 2 — Product Block Diagram)
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AT GRATBINEER. (Description of all functional items.)

No. Function Description Priority Requirement Notes
Source
1 Fisheye Camera 5 MP, 4 mm focal length 1 User
2 Ethernet 1000 M Ethernet 1 User
Communication
3 Fill Light Auxiliary illumination for 1 User
camera
4 Storage Stores captured images; 1 User
Function uploads in real time via
Ethernet and retains data
on power loss
5 Wireless Rotating radar exchanges 1 User
Communication data with FPV board
wirelessly
6 Rotating Scan Radar board can rotate 1 User
360° for scanning
7 Wireless Power Provides power to 1 User
Supply omnidirectional radar
8 Serviceability FPV camera and radar 1 Maintenance
sections can be detached
individually for easy
replacement and lower
maintenance cost
9 Obstacle Detects obstacles in front 1 User
Avoidance and overhead for collision
avoidance
10 Terrain Radar measures ground 1 User
Following height for terrain-
following flight
11 Firmware All internal modules can 1 Maintenance
Upgrade be upgraded via external

AL EIE HOTLINE
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No. Function Description Priority = Requirement Notes
Source
12 PCBA Auto-Test Dedicated test points on 2 Test
PCB for automated
production testing
13 Software MCU main board supports 1 R&D
Programming software flashing via
designated interface
14 Hardware ID On-board ID circuit for 1 Maintenance
hardware version
differentiation
15 Technical Index All key specifications can 1 R&D
Testing be verified under lab
conditions
Fs THREm 1A e | &K | &
x| =3
1 EARFE 500W &, FIEKE 4mm 1T | BF
2 YYNTHES 1000M LAKKIIE(S 1T | BF
3 KT HEENFEMARAR 1 | AR
4 TFHETHEE AILAEERTARNE R, BEUKMRE | 1 | BF
&, FESHBRITFIE
5 FoIENIRe BRI LABS RLIBR FPV fitfT8dE | 1 | BF
XE
7 EEEIIETIRE AR AT LABERE A f R 1T | AR
8 TokAHEBThRE L mEARMHEIRME 1T | AR
9 T3 EHEIETHRE FPV fEBR o MBIL o A5 ERFD, FJHM 1| R
B, PRTHEIERA
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10 BEREIDEE SJLSMIERT/SFIE A RIRERSYD, HHTEfE R
11 {HibIhEE BXATLMENEESE, #1ThiE T R
12 H&KINEE AEIIAMER O FH R RSP B TTiE R A E4 HEP
13 PCBA Bzhillif{Thae | PCB g BNt R, B EEFHITEIMLN R
it
14 iR MCU FiReEEId RS R ST AR A
15 BERBIRSINRE IREFFFRBIB RS EX DT FRA YR
16 BB RIATIEE | SCI=EFG NS IEtRlhz 519,53

AL EIE HOTLINE
400 980 3131

11

WWW.XAG.CN

IR SRR B R AT



AAG

LSSV S

M. EHEE

AL EIE HOTLINE
400 980 3131

Hshe KR E WL

MAKE AGRICULTURE SMARTER

WWW.XAG.CN

16B 8GB I I
DDR4 EMMC | |
[ I
: [ I
CON: FPC - CON: FPC |
USB | USB2. 0 UALT; UARTO
s $o | (__BH : X5 Pro2!
V" CON: LEDYT# PIIY LK i :
&5t LEDJT AL WA A | GPIO T _
i 23AP10 RGMIT H%?H | '
) N | |
F—— cow%iighsm - (HI3519) | |
sensorft s CsI1 [CopioJFRVENTYCON: T ) CON: €I
Tk ppd  BATH Bt
spio |[ uarti ] [ varrs | [crio ke | Jeh
[ I
[ I
soro [kt ] [[uarts | |, Tkt | |
£l il S |
ESP32-C6 PAC5524 Q | | |
N TINE T : : :
\\‘ N : l_ _____ l
\ Eok 1 ~
\ S L) mass
\ N N - -
I — N 3\4 E#fE5H#K
\ (€44
) T B A AR
—T==A . \ JE A
I S A
S ——EL % WIFL
ﬂ;ﬂ:‘ TIRTE ! £span WIFT Nt V]
1 od e — 16MB FLASH
8TXAR 45 % TX ANT#8 Y]
2T4R SRK2401A :::]
LA OpAxt 24GE B & B
j RY ANT#8 Y]
[CADCEA ] OPA*4 2T4R SRK2402
12

IR SRR B R AT




2 e
>

< 7

2

53

f. l#EeF8tR(Performance Specifications)

Hshe KR E WL

MAKE AGRICULTURE SMARTER

AT GRBFT B EEE B R(All performance indicators of the product are listed below.)

FPV Camera Section

No.

1

10

11

12

13

Parameter

Rated input voltage

Over-voltage protection

Operating current

Stand-by current

Sensor format

Pixel count

Chief ray angle (CRA)

Sensitivity

Field of view (FOV)

Image streaming

Output interface

Output format

LED light

Specification

24V

> 42V

<15A

<009A @24V

1/2.7-inch CMOS

5 MP

15°

2 800 mV / lux-s

Horizontal 90° / Vertical 60°

2592 H x 1944 V @ 30 fps

12-/10-/8-bit, 2-lane MIPI

RAW RGB

White, power > 4.4 W

Motor Driver & Wireless-Power Section

AL EIE HOTLINE
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Note

Rated 0.6 A, max 1.5A @ 15 S

S I
No. Parameter Specification
1 ESC input 0.125A @ 24V
2 ESC output
3 Wireless-power output 2 15 W
Omnidirectional Radar Section
No. Parameter Specification
1 Operating frequency 24.05 - 24.25 GHz
2 Modulation FMCW
3 Range (altitude > 1.5 0.3-80m
m)
4 Velocity range > 13.8 m/s (min. 0 m/s)
5 Angular FOV Horizontal > 120° / Vertical >
20°
6 Point-cloud refresh > 360 Hz
7 Range accuracy < 0.1 m (within range & FOV)
(altitude > 1.5 m)
8 Velocity accuracy < 0.15 m/s (within range &
FOV)
9 Angle accuracy Horizontal < 1° / Vertical < 2°
(altitude > 1.5 m) (within range & FOV)
10 Range resolution Export version: 1T m + 0.1 m

11

AL EIE HOTLINE
400 980 3131

Velocity resolution

(within range & FOV)

3m/s £ 0.1 m/s

14
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Note

Accuracy guaranteed
within FOV

Degrades outside
range

Degrades outside
range

Degrades outside beam

Two targets separable
with 1.5-2x resolution
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No. Parameter Specification Note

12 Angular resolution Horizontal 14.3° + 1° / Vertical
14.3° + 1° (within range & FOV)

13 Detection probability > 95 % (altitude > 1.5 m, RCS <
10 dBm?, within range & FOV)

14 False-alarm rate < 5% (altitude > 1.5 m, RCS <
10 dBm?, within range & FOV)

15 Single-antenna TX > 25 dBm
power

16 Phased-array TX power > 35 dBm

17 Single-antenna TX gain > 12 dBi (short antenna)
18 Phased-array TX gain > 20 dBi
19 RX antenna gain > 14 dBi

20 Single-antenna pattern ~ Vertical 20° + 5°

(-3 dB beamwidth)
21 Phased-array TX Vertical 20° + 5°

pattern (-3 dB

beamwidth)
No. Parameter Specification
22 Rx antenna pattern (-3 dB) Vertical: 40° + 10°
23 Antenna count Tx:8 Rx: 8
24 Radar board power Stand-by < 6 W
25 Encoder angle accuracy < 1.5°
26 Radar board input voltage 1M0V-30V
27 Wi-Fi data rate (radar < 2 MB/s

motor board)
15
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No. Parameter Specification Note
28 UART baud rate (radar < 230 400 bit/s
motor board)
29 Debug UART baud rate 921 600 bit/s
(radar board)
FS | &% S #&E
FPV 1BHER5
1 BERNEE 24V
2 SR > 42V
3 TEeEim <1.5A
4 LR < 0.09A@24V
5 RIS 1/2.7 Z&~) CMOS
6 S 500 5
7 E=bii=:) CRA: 15°
8 REVE
9 Wizka 7K 90°
HH 60°
10 RHE 2800 mV/luxes
11 S SEEES 2592H x 1944V @30fps
2560H x 1440V @30fps
12 EHEO 12/10/8-bit 2Lane MIPI
13 HHAETU RAW RGB

16
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14 LED ¥T B¢, IhE: <44W

HBNIREN & TR RS

1 EEHIRENSEL BiE: #AN 0.125A@24V

#HHEERR 0.6A &K 1.5A@15S

2 ToEtRRI=R EHIER: <15W

LEEESD

1 TBETIEIER 24.05Ghz~24.25Ghz

2 B FMCW

3 MEESEE(KITEE>1.5m) MEETEE:0.3m~80m

4 MWESEE >=13.8m/s MiEeR/IME9 0

5 MESEE(FOV) K FOV: >120° NegeEs: SeE

EE FOV: > 200 m{%ﬁEﬂM%ﬂ%}E 1

EEERERES
0.

6 mRIFEEER >=360Hz

7 EENEBE(CITEE:2 | <=0.1m(UENFTEERN) BIEEEENE

1.5m) ¥R, NEEEEES

TR

8 RN EREE <=0.15m/s(RIEENIASEER) HBIEEEENE
R, MEBEEES
TR

9 BENERBE (YT E:2 | KEUBHEE: <1°(UENGEER) BRERFREER

1.5m) FENBEE: <2 (UENEEER) Ef MWAREE

=
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10 PR R BIMR: Tm=0.1m(UEENATEEM) EHE 1.5 23 2
EOFHENFET
IS MDA T
X5

HBEEEENE
tx, WEEDHRS

TR,

11 REDHER 3m/s+0.1m/s HBIEETEMNE
R, WEDHRE

TKR

12| mEsE KTRHWE: 143° +1° UIENATE | 1. (EHE 1.5 23)
Er) 2 R
EEEHWE: 143°41° UENREE | [0 IRE
) RS

2 BRERFTEH
NEHT, NEHH

2z O
ROTK,

13 RBIER CUEENATEERN, %7 | >=95%
= E 2>15m, B #xr<RCS10
dBmz)

14 R GNEENEERERN, ®T | <=5%
= E >15m, B #xr<RCS10

dBm’* )
15 BIRR G R GITHEE >=25 dBm
16 TR R RS ThER >=35dBm
17 BRI RIS >=12dBi (48K%Z)
18 TR St e >=20dBi
19 N5 A >=14dbi

18
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20 BIRAS K& EE(-3dB # | EEHE: 20°+5°
E5) KFE@E: 120°+£10°

21 | ARKASEEHHE3B | BEE: 20°45°
HE) KSEmE: 20°£10°

22 R AE (-3dB HE) EEM: 40°£10°
KEmE: 120°+10°

23 REIREEE REIRE: 8
YR Ee: 8
24 BIARIIFE L0 <=6W

TYETO#E: <=12W

25 BEAENNEE <=15°
26 BRI\ EEE 10V~30V

27 FARSEAIRIE WIFI 8528 | 2MB/s
R

28

B}

IR SEEHRIEI S OBEE | 230400bit/s

\¢|
7

29 BIAREIEROSABEEESR | 921600bit/s

19
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75, JMEBIEO (External and Internal Interfaces)

1. ApMER¥EO:(External Interface

N .. | Level Function Note
OB | 5IHFS | 5IHBFR RS
Gigabit Pin Name ic)
Ethernet & Type
Power
1 NC [RE &
CAN_FD A%
2 NC [ fm!
3 LAN_DATA1_N
Eﬁ%ﬂﬁﬂ& 4 LAN_DATA1_P
5 LAN_DATA2_N
6 LAN_DATA2_P FmAa,
% FPV #8#1
7 LAN_DATA3_N FME L
8 LAN_DATA4 N
9 LAN_DATA3_ P
10 LAN_DATA4_P
11 PER_24V Power 24V
HERHA
12 GND GND 0
2. EREO
EERZTR | SRS | SIBI|FR S|HISEEY | SIBERSE | SIETheE | &iE
1 SENSOR_12C4_SDA /0 1V8
2 GND GND 0
3 SENSOR_12C4_SCL 1/0 1V8
4 IMU_SPI12_CLK 1/0 3v3

20
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5 GND GND 0
6 IMU_SP12_CS 1/0 3v3
7 MIPI_RX1_DO_P — —
8 IMU_SP12_MOS| Out 3v3
9 MIP1_RX1_DO_N — —
10 IMU_SP12_MISO IN 3v3

=] 11 GND GND 0

sensor 12 GND GND 0

&M 13 MIPI_RX1 D1_P A —

(Fisheye

Sensor 14 VCC_3V3 POWER 3v3

Interface) 15 MIPI_RX1 D1 N — -
16 DOVDD_1V8 POWER 1v8
17 GND GND 0
18 DVDD_1V5 POWER 1V5
19 MIPI_RX1_D2_P - —
20 AVDD_2V8 POWER 2v8
21 MIP1_RX1_D2_N — —
22 GND GND 0
23 GND GND 0
24 GND GND 0
25 MIPI_RX1_D3_P — —
26 GP10_C_IMU_INT1 1/0 3v3
27 MIP1_RX1_D3_N — —
28 SENSOR1_RSTN 1/0 1v8
29 GND GND 0

21
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30 GND GND 0
31 MIPI_RX1_CKO_P — —
32 GP10_A_FSYNC 1/0 1V8
33 MIPI_RX1_CKO_N — —
34 GPI0_B_FSYNC 1/0 1v8
35 GND GND 0
36 GND GND 0
37 NC NC NC
38 SENSOR1_CLK Out 1v8
39 NC NG NC
40 GND GND 0
1 LEDA Power 3V
2 LEDA Power 3V
3 LEDA Power 3V
4 LEDA Power 3V
5 LEDA Power 3V
6 LEDA Power 3V
7 LEDK Power -

| ° LEDK Power -

# 0O (Fill- 9 LEDK Power —

Light 10 LEDK Power __

Board

Interface) 11 LEDK Power —
12 LEDK Power —
13 NC NC NC
14 NC NG NG

22
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15 TEM_ADC_CON IN -—
16 TEM_ADC_CON IN -
17 GND GND 0
18 GND GND 0
19 GND GND 0
20 GND GND 0
1 SH A
2 SH_A
3 SH A
4 SH_A
5 SH B
6 SH B
7 SH B
FEALIKEN
\ 8 SH_B
TNt
s m 9 SH_0
(Motor 10 SH_C
Driver &
Wireless- I pHIC
Power 12 SH.C
Interface)
13 GND GND 0
14 GND GND 0
15 VSYS 1/0
16 VCC_3V3
17 HALL_1
18 IR_LED
19 HALL_2
23
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20 WIFI_ANT3

P1 Wireless_OUT+
P2 Wireless_OUT+
P3 Wireless_IN-
P4 Wireless_IN-

3. FPV EtiEitizC
A B TEEE USB2.0 EOfEM FPC R8s, RETHROMEMA FPC EREE, B,

6.3 FPV Main Board Debug Interface
Firmware download/debug is performed via a USB 2.0 FPC connector; additional UARTs also
use FPC connectors as shown in the figure.

ESDBUSVOY1

= - % IR %” % ESDBUSVOY1

Zdiff:900hm+10% J7000 GND ESDBUSVOY1
USB D P — A %E }é ‘%é . W:n.
USB_D_N 3| Usg1p GND2 4 e

— - . . - - - - NC
V—[EUS ; GND4 onot |8 i Eeraace FRSE  ESPIUORND L i UART.RX2  enDz 2

. 6 VvBUS1 — zaxel0 FRED  TPU_UARTO RAD 4| UART T2 B

<7 VBUS2 N CPU_UARTO_TXD 5| UART_Rx1 GND1
t—— g OND5 pac §iX=0 UART FAC RX 6 | UART_TX1 =
g useBz_prP - UART_PAC_TX T Hﬁg}__l?xxuﬁ &N
10 USB2N eac FERO PAC_SWDCL g Swelk
GNDE FAG_SWDIO T SWbio
1 8.07A0.010200 i anr:?n —
GND a0 o
o o ogeo .
+. R#FiRBI(Version Identification)
h1 Ve
1 H T RCA (LW W
A 1.0 01 HiLBH
Item Current Hardware Configuration Method
Version
Hardware Version V1.0 01 (resistor-coded)

I\. I{E5{4(Operating Conditions)

FS | TR BN pEs

24
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T #®
1 PR IP67
2 TEEE -20°C~60°C
3 (EFEXERE 5%-98%
4 FHERE -20°C~85°C
5 BrERE TSR > £15KV, A > 8KV
No. Condition Requirement Note
1 Ingress IP67
protection
2 Operating -20 °Cto +60 °C
temperature
3 Relative humidity 5%-98%
(operating)
4 Storage -20 °Cto +85 °C
temperature
5 ESD immunity Air discharge: >

+15 kV

. #BEK(Regulatory Requirements)

1. RLHREEN60950-1;1EC60950-1
2. EERFEEMAREEN55022 classB; EN60950-1
3. $EfibpieR (ESD) #EitieE+8KV IEC61000-4-2 (HiE B)

Item  Standard / Test Requirement
1 Safety EN 60950-1, IEC 60950-1
25
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MAKE AGRICULTURE SMARTER

SO S 3
Item  Standard / Test Requirement
2 EMC EN 55022 Class B, EN 60950-1
3 Contact discharge (ESD) +8 kV per IEC 61000-4-2, Criterion B
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FCC Compliance Notice:

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to
part 15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful
interference when the equipment is operated in a commercial environment. This equipment generates, uses,
and can radiate radio frequency energy and, if not installed and used in accordance with the instruction
manual, may cause harmful interference to radio communications. Operation of this equipment in a
residential area is likely to cause harmful interference in which case the user will be required to correct the
interference at his own expense.

Any changes or modifications not expressly approved by the party responsible for compliance could void
the user’s authority to operate the equipment.

This equipment should be installed and operated with a minimum distance of 20cm between the radiator
and your body.

FCC Supplier’s Declaration of Conformity

Brand name / model number: FRD2488 25

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions:
(1) This device may not cause harmful interference, and (2) this device must accept any interference
received, including interference that may cause undesired operation.

Suppliers Name(FCC): Pegasus Spray LLC

Suppliers Address (FCC): 18571 State Hwy 6Lewistown, MO 63452 United States

Suppliers Email Address: arthur@pegasusrobotic.com
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