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A Lightweight Lung Disease Diagnostic System with High Energy Efficiency
Based on Knowledge Distillation and Edge-Cloud Coordinated Acceleration

ZHANG Yuhan, WANG Yapeng,ZHANG Xuan,SUN Hao "

(School of Electronic Science and Engineering, Southeast University , Nanjing Jiangsu 211189, China)

Abstract: To address critical challenges regarding real-time performance and portability in clinical lung disease screening,an FPGA-
accelerated edge-cloud diagnostic system via knowledge distillation is proposed. Algorithmically, a framework utilizing a ResNet50
teacher to guide a lightweight 4-layer CNN student is constructed to minimize computational complexity while preserving feature fidelity.
In terms of hardware,the model is deployed on the PYNQ-Z2 platform via high-level synthesis( HLS) , employing optimization approa-
ches such as batch normalization fusion, task-level pipelining, and loop unrolling to ensure efficient edge inference. Furthermore, the
system adopts a hierarchical " offline detection—online diagnosis" strategy. While guaranteeing independent edge detection capabilities,
it integrates the DeepSeek large language model (LLM) API to generate semantic treatment recommendations ,forming a closed-loop di-
agnostic workflow. Experimental results demonstrate a 94.86% classification accuracy for four lung disease categories, with a single-
frame inference latency of 39 ms and power consumption of merely 1.5 W, providing a high-performance solution for rapid diagnosis in
resource-constrained scenarios.The source code and hardware design files are available at https ://github.com/zhang666max/ Efficient—
Lung—Diagnosis —via—FPGA-Cloud-and-Knowledge-Distillation.
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Ry 6 UE AR 4R A I AL SR s YA B, TR 2R BB
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IR EAE 1.5 W, 5 Jetson Nano 25k A GPU
A EL, ARG IR KR AR 70% AT T, 20
HEESRTE T IT 4 A%, HRERL LY 25 BT 2583 1 10 %
PLE o X450 b 1L FIRE R iR K e 28 A 1
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e IR 5/ %o 91.74 91.60 88.43 93.16 94.86

4.4 CEISHEHBETARES

SR 6 T H R G A S B BR T 3 e TR AR
e, ARG HE E T 30 = Wb Im] (9 R 5 36 F 5 3R 47
B, N 9 s, RELLL PYNQ-Z2 JF Kt
NGATEAZ G TIRDUOR R4 15 A B2 o
ST AEERGELE . S EITPIE MRS TR g
TEMEIZ AT AR, A LSS 2 B AT WAk 52 B
I, B AR 2D R R X O R AR SR
FENIHE | A5 DX 3800 Bl 2S5l B B DeepSeek AR Y A=
B EEFIACISY T sty | TR S B AT R 24 U
BRI RUESE, R G0 R A RRUE 1Y I ) I
HERRRE Ty 5 2R 1 B L) ST AR R
£ NG R R s v N HIIR S5 ) e A

5 #i¢

ATFICE R A5 £ 405 e
W 55 2 R SIS L A, B4 T — AT
Zyna IVAKRED S RERT BN IS I 2 0. 5002,
O AT AL 14 ResNets0 9544

T SUREIT#% B 5554k CNN RER | 78 KR TR 46 280
1749 [R) B 6 DU 205 kL S BE T 94, 86% 1Y i R R
SIS RS | T HLS BRI T AT 45 i
KL G A (BN) BG4, S8 76 50 R IT 5
BRI AL 2 AR T BT A SR R
BiAE PYNQ-Z22 V-5 L HilifE AN 39 ms, S IFE
RZE 1.5 W, BERL LA TR 2R 4l 4 {1 0y %6, Bbah, i
iV DeepSeek API SZEE T M S AZ KGN £ 12 97
WIHER, ZRGA RN T Mt Re S,
BRI TR T T A SR TR R

T[] 52 2% 1) SE BRI R 8, A R G AEAE AL
23], KRR TR R LT =4 — 25 ARk
BRI INTS SR ARG Ak, i — 2P Bk
Zxuiht L BRAM (AEAEHCHS ; — 250 X S HiTiE 56
JETF3Z IR DSP Py R (1 [ 35, 15| A Winograd
P B BUVE L JFIR AL AXT B M 28 AL bl
il , AEE A BR BT T e KA TH R IFAT I 5 U5
R = RS BIR 2  EAY o U R AL A ok
o SR IR BB AR A% B B T S R Y i IR G
VST AR AAR I T —Fh Ak R E R
SRIEUE AT —1R R BRRA | 5 RERL Y B2 7 K I 3
GiBEE T TREIERE

Sk

(1] 2=, o B, #h 8. I S 28 AR i 2 1 1 R
MM EEILIEAL Tk (1], TR LR, 2025, 52
(4):85-93.

[2] AP, AR, ok 3Cid, 5%, UltraAce: 3T FPGA i
KR R T P BE CNN Ansd 25 w83 1]. it
BHL2A,2023,46(6) :1139-1155.

[3] R, £, AEa, % N TR REEARTEN E %



720 v F # M # 49 A
BB WP N R )], E R A AR, COVID-19 Diagnosis Using a Lightweight Deep Learning
2022,39(5) :655-660. System[ J ]. Sensors,2026,26(1) :339.

[4] "R, SFULN. AERZRB Ikt 5 HEs R [ ], [12] Swaminathan T P,Silver C, Akilan T,et al. Benchmarking
[ R R 224k ,2023,28(9) :2817-2832. Deep Learning Models on NVIDIA Jetson Nano for Real-

[5] GouJ,Yu B,Maybank S J,et al. Knowledge Distillation; Time Systems: An Empirical Investigation[ J ]. Procedia
A Survey[ J]. International Journal of Computer Vision, Computer Science,2025,260:906-913.

2021,129(6) :1789-1819. [13] Wang J,Ikechukwu O M,Dang K N et al. Spike—Event X-

[6] ZIEPR, BT, 5T FPGA Y FRM 22 0 28 A 44 fin 1k Ray Image Classification for 3D-NoC-Based Neuromorphic
1], BT 5EB¥M,2019,41(11) :2599-2605. Pneumonia Detection [ J ]. Electronics, 2022, 11 (24 )

(7] Mo, et , =12 3T FPGA i) DDR3 %5 #4F 4157.

SIS ME[T]. BT ,2025,48(5) :999-1007. [14] Guddati P,Dash S,Tripathy R K. FPGA Implementation of

(8] ZFWIH,FMEIT. BT FPGA F) Winograd B 45 B the Proposed DCNN Model for Detection of Tuberculosis
ZME IR I S EMT]. WS B, 2023,38 and Pneumonia Using CXR Images[ J]. IEEE Embedded
(11) :1521-1530. Systems Letters,2024,16(4) :445-448.

[9] kU, kM. BBl Gt 5 5L T 2 o U W) 1Y) [15] Sriwiboon N. Efficient and Lightweight CNN Model for CO-
1B RS T]. TRV R S & & ,2023,60(2) : VID-19 Diagnosis from CT and X-Ray Images Using Cus-
371-385. tomized Pruning and Quantization Techniques|[ J]. Neural

[10] Chowdhury M E H, Rahman T, Khandakar A, et al. Can Computing and Applications,2025,37:13059-13078.

AT Help in Screening Viral and COVID-19 Pneumonia? [16] &4, M B, &, TR F T as Kith—
[J]. IEEE Access,2020,8:132665-132676. ACBAFE AR TELRAR[T]. TR ST, 2025,

[11] Bae H J,Kim J,Jeong D. Real-Time Fluorescence-Based 42(11) :3215-3224.

T (2004—) , B, DUK, T R T FE LG (2004—) , 55, PR, LI M
NCARH R R 5 TR B NORH R TR 5 TR b
| S 2023 AR} | 253408368@ qq.com; 2023 AR, 1013803100@ gq.com;

d7h

3 E(2004—) , L, DU, AR
N IR KA A M 2% Bt 2023 ZLA R}
A ,3049364290@ qq.com;

N Z(1996—) U3, UK, R R FH
FHBEREK S RGE R, P00, AT,
&, EEWETETT A FPGA i RERGHT
B AGERS O RGBT, BAR
FET RS E L N 2SR e Ik
SNEERTHT R |, hao.sun@ seu.edu.cn,





